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PREFACE. 


At  the  close  of  the  Deep-sea  Dredging  Expeditions 
which  had  been  undertaken  by  the  Admiralty  at  the 
instance  of  the  Council  of  tlie  Royal  Society  during 
the  years  18G8,  1869,  and  1870,  it  was  thought  right 
that  those  who  had  been  entrusted  with  their  scien- 
tific  direction   should,  in   addition   to   their  official 
reports,  lay  before  the  general  public  some  account 
of  their  proceedings  with  the  objects ; — first,  of  show- 
ing, if  possible,  that  the  value  of  the  additions  which 
had  been   made  to  human  knowledge  justified   the 
liberality  of  Government  in  acceding  to  the  request 
of  the  Council  of  the  Iloyal  Society,  and  placing 
means   at   their   disposal   to   carry   out   the   desired 
researches;  and,  secondly,  of  giving  such  a  popular 
outline   of  the  remarkable  results   of  our  work  as 
might  stimulate  general  interest,  and  induce  those 
who  have   the   proclivities   and   the   opportunity,  to 
penetrate  farther  into  the  new  and  strange  region 
on  whose  borders  we  have  had  the  good  fortune  to 
have  been  among  the  first  to  encroach. 
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It  was  originally  intended  that  the  general  account 
should  have  been  a  joint  production,  each  of  us  con- 
tributing his  part.  There  were  difficulties,  however, 
in  the  way  of  this  arrangement.  We  were  all  fully 
occupied  with  other  matters,  and  the  amount  of 
communication  and  correspondence  between  us,  re- 
quired to  carry  out  the  plan  of  joint  authorship, 
seemed  likely  to  prove  a  cumbrous  complication. 

It  was  therefore  decided  that  quoad  the  popular 
exposition  I  should  take  upon  myself  the  office  of 
*  reporter,'  and  thus  it  comes  about  that  I  am  indi- 
vidually and  solely  responsible  for  the  opinions  and 
statements  contained  in  this  book,  save  where  they 
are  included  within  quotation  marks,  or  their  sources 
otherwise  acknowledged. 

Since  we  began  these  deep-sea  investigations, 
inquiries  have  come  in  from  all  quarters,  both  at 
home  and  abroad,  as  to  the  implements  and  methods 
which  we  employ.  To  supply  the  desired  informa- 
tion, I  have  described,  in  detail,  the  processes  both 
of  sounding  and  dredging;  and  I  hope  that  the 
special  chapters  on  these  matters — the  result  of 
considerable  experience — may  be  found  useful  to 
beginners. 

I  pretend  to  no  special  knowledge  of  physics,  and 
I  should  have  greatly  preferred  confining  myself  to 
the  domain  of  Biology,  my  own  proper  province; 
but  certain  physical  questions  raised  during  our  late 
explorations  have  so  great  importance  in  relation  to 
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the  distribution  of  living  beings,  and  have  of  late 
been  brought  into  so  great  prominence  by  Dr.  Car- 
penter, that  it  has  been  impossible  for  me  to  avoid 
giving  my  earnest  consideration  to  their  general 
bearings  on  Physical  Geography,  and  forming  decided 
opinions,  which,  I  regret  to  say,  do  not  altogether 
coincide  with  those  of  Dr.  Carpenter.  The  chief 
points  on  which  my  friend  and  I  *  agree  to  differ ' 
are  discussed  in  the  chapter  on  the  Gulf- stream. 

It  was  at  first  my  intention  that  appendices  should 
be  added  to  the  different  chapters,  containing  lists 
and  scientific  descriptions  of  the  animal  forms  which 
were  observed.  This  it  was  found  impossible  to 
accomplish,  chiefly  on  account  of  the  large  number 
of  undescribed  species  which  were  placed  in  the  hands 
of  the  experts  who  undertook  the  examination  of  the 
several  groups.  I  am  not  sure  that,  even  if  it  had 
been  possible  to  furnish  them  in  time,  such  lists 
would  have  been  altogether  an  appropriate  addition 
to  what  is  intended  merely  as  a  popular  preliminary 
sketch. 

The  metrical  system  of  measurement,  and  the 
centigrade  thermometer  scale,  have  been  adopted 
throughout  the  volume.  The  metrical  system  is  pro- 
bably familiar  to  most  of  my  readers.  In  case  the 
centigrade  notation,  which  comes  in  very  frequently 
owing  to  the  frequent  discussion  of  questions  of  the 
distribution  of  temperature,  should  not  be  equally 
farniliar,  a  comparative   scale,  embodying   those   of 
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Falirenlieit,  Celsius,  and  K^au- 
mur,  is  introduced  for  com- 
parison. 

My  various  sources  of  infor- 
mation, and  the  friendly  as- 
sistance I  have  received  on  all 
hands  during  the  progress  of 
our  work,  are  acknowledged,  so 
far  as  possihle,  in  the  text. 
I  nee<l  here  only  renew  my 
thanks  to  Staff-Commander 
May  and  the  officers  of  the 
'  Lightning,'  and  Captain  Cal- 
ver  and  the  officers  of  the 
'  Porcupine,'  without  whose 
hearty  sympathy  and  co-ope- 
ration our  task  could  never 
have  been  satisfactorily  accom- 
plished; to  my  colleagues,  Dr. 
Carpenter,  F.R.S.,  and  Mr. 
Gwyn  Jeffreys,  F.R.S.,  who 
have  cordially  assisted  me  in 
every  way  in  their  power ;  and 
to  the  naturalists  into  M-hose 
hands  the  animals  of  various 
classes  were  placed  for  descrip- 
tion and  study, — the  Hev.  A. 
Merle  Norman,  Professor  Kol- 
liker.  Dr.  Carter,  IMt.S.,  Dr. 
Allman,   F.U.S.,   Professor  Martin    ])unean,  F.K.S., 
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and    Dr.    Mcintosh,     for    information    courteously 
supplied. 

The  whole  of  tlie  illustrations  in  the  book — with 
the  exception  of  the  vignettes  of  Fgeroe  scenery  for 
which  1  am  indebted  to  the  accomplished  pencil  of 
Madame  Holten — are  by  my  friend  Mr.  J.  J.  Wild. 
I  need  scarcely  thank  him  for  the  admirable  way  in 
wliich  he  has  accomplished  his  task,  for  every  figure 
was  with  him  a  labour  of  love,  and  I  almost  envy 
him  the  gratification  he  must  feel  in  the  result. 
To  Mr.  J.  D.  Cooper  I  owe  my  sincere  thanks  for 
the  singularly  faithful  and  artistic  rendering  of 
Mr.  Wild's  beautiful  drawings  on  the  wood-blocks. 

On  the  return  of  the  'Porcupine'  from  her  last 
cruise,  so  much  interest  was  felt  in  the  bearings  of 
the  new  discoveries  upon  important  biological  geo- 
logical and  physical  problems,  that  a  representation 
was  made  to  Government  by  the  Council  of  the 
Royal  Society,  urging  the  despatch  of  an  expedition 
to  traverse  the  great  ocean  basins,  and  take  an  out- 
line survey  of  the  vast  new  field  of  research — the 
bottom  of  the  sea. 

llear-Admiral  Kichards,  C.B.,  F.R.S.,  the  Hydro- 
grapher  to  the  Navy,  warmly  supported  the  pro- 
posal, and  while  I  am  writing  a  noble  ship  is 
lying  at  Sheerness  equipped  for  scientific  research 
under  his  wise  and  liberal  directions,  as  no  ship 
of  any  nation  was  ever  equipped  before. 


The  scientific  staff  of  the  '  Challenger'  arc  well 
aware  that  for  some  time  to  come  tlicir  rdle  is  to 
work  and  not  to  talk ;  but  now,  on  the  eve  of  depar- 
ture, I  think  it  is  only  right  to  take  this  opportunity 
of  saying  that  nothing  has  been  left  undone  by  the 
Government  to  ensure  the  success  of  the  undertaking, 
and  that  dire  misfortune  only  ought  to  prevent  our 
furnishing  a  valuable  return. 

C.  Wyville  Tuomsos. 

KDINBtlltOU, 

Dteemher  2nd,  1672. 
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THE  DEPTHS  OF  THE  SEA. 


CHAPTER    I. 


INTRODUCTION. 


The  Qaestion  of  a  Bathymetrical  Limit  to  Life. — The  general  Laws 
which  regulate  the  Geographical  Distribution  of  Living  Beings. — 
Professor  Edward  Forbes*  Investigations  and  Yievrs, — Specific 
Centres. — Representative  Species. — Zoological  "Provinces — Bear- 
ings of  a  Doctrine  of  Evolution  upon  the  Idea  of  a  *  Species/ 
and  of  the  Laws  of  Distribution. — The  Circumstances  most  likely 
to  afifect  Life  at  great  Depths  :  Pressure,  Temperature,  and  Absence 
of  Light 

The  sea  covers  nearly  three-fourths  of  the  surface  of 
the  earth,  and,  until  within  the  last  few  years,  very 
little  was  known  with  anything  like  certainty  about 
its  depths,  whether  in  their  physical  or  their  biological 
relations.  The  popular  notion  was,  that  after  arriving 
at  a  certain  depth  the  conditions  became  so  peculiar, 
80  entirely  different  from  those  of  any  portion  of  the 
earth  to  which  we  have  access,  as  to  preclude  any 
other  idea  than  that  of  a  waste  of  utter  darkness,  sub- 
jected to  such  stupendous  pressure  as  to  make  life  of 
any  kind  impossible,  and  to  throw  insuperable  dilB- 
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culties  in  the  way  of  any  attempt  at  investigation. 
Even  men  of  science  seemed  to  share  this  idea,  for 
they  gave  little  heed  to  the  apparently  well-authenti- 
cated instances  of  animals,  comparatively  high  in  the 
scale  of  life,  having  been  brought  up  on  sounding 
lines  from  great  depths,  and  welcomed  any  suggestion 
of  the  animals  having  got  entangled  when  swimming 
on  the  surface,  or  of  carelessness  on  the  part  of  the 
observers.  And  this  was  strange,  for  every  other 
question  in  Physical  Geography  had  been  investi- 
gated by  scientific  men  with  consummate  patience 
and  energy.  Every  gap  in  the  noble  little  army  of 
martyrs  striving  to  extend  the  boundaries  of  know- 
ledge in  the  wilds  of  Australia,  on  the  Zambesi, 
or  towards  the  North  or  South  Pole,  was  struggled 
for  by  earnest  volunteers,  and  still  the  great  ocean 
slumbering  beneath  the  moon  covered  a  region 
apparently  as  inaccessible  to  man  as  the  *  mare 
serenitatis.' 

A  few  years  ago  the  bottom  of  the  sea  was  required 
for  the  purpose  of  telegraphic  communication,  and 
practical  men  mapped  out  the  bed  of  the  North 
Atlantic,  and  devised  ingenious  methods  of  ascertain- 
ing the  nature  of  the  material  covering  the  bottom. 
They  laid  a  telegraphic  cable  across  it,  and  the  cable 
got  broken  and  they  went  back  to  the  spot  and  fished 
up  the  end  of  it  easily,  from  a  depth  of  nearly  two 
miles. 

It  had  long  been  a  question  with  naturalists  whether 
it  might  not  be  possible  to  dredge  the  bottom  of  the 
sea  in  the  ordinary  way,  and  to  send  down  water- 
bottles  and  registering  instruments  to  settle  finally 
the  question  of  a  *  zero  of  animal  life,*  and  to  deter- 
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mine  with  precision  the  composition  and  temperature 
of  sea- water  at  great  depths.  An  investigation  of  this 
kind  is  beyond  the  ordinary  limits  of  private  enter- 
prise. It  requires  more  power  and  sea  skill  than 
naturalists  can  usually  command.  T\  hen,  however, 
in  the  year  1868,  at  the  instance  of  my  colleague 
Dr.  Carpenter  and  myself,  with  the  effective  support 
of  the  present  Hydrographer  to  the  Navy,  who  is 
deeply  interested  in  the  scientific  aspects  of  his  pro- 
fession, we  had  placed  at  our  dis])osal  by  the  Admi- 
ralty sufficient  power  and  skill  to  make  the  experiment, 
w^e  found  that  we  could  work,  not  with  so  much  ease, 
but  with  as  much  certainty,  at  a  depth  of  GOO  fathoms 
as  at  100  ;  and  in  1869  we  carried  the  operations  down 
to  2,435  fathoms,  14,610  feet,  nearly  three  statute 
miles,  with  perfect  success. 

Dredging  in  such  deep  water  was  doubtless  very 
trying.  Each  haul  occupied  seven  or  eight  hours ; 
and  during  the  whole  of  that  time  it  demanded  and 
received  the  most  anxious  care  on  the  part  of  our 
commander,  who  stood  w  ith  his  hand  on  the  pulse  of 
the  accumulator  ready  at  any  moment,  by  a  turn  of 
the  paddles,  to  ease  any  undue  strain.  Tlie  men, 
stimulated  and  encouraged  by  the  cordial  interest 
taken  by  their  officers  in  our  operations,  worked 
willingly  and  well ;  but  the  labour  of  taking  upwards 
of  three  miles  of  rope  coming  up  with  a  heavy  strain, 
from  the  surging  drum  of  the  engine,  was  very  severe. 
The  rope  itself,  *  hawser-laid,'  of  the  best  Italian 
hemp,  2^  inches  in  circumference,  with  a  breaking 
strain  of  2^  tons,  looked  frayed  out  and  worn,  as  il'  it 
could  not  have  been  trusted  to  stand  this  extraordinary 
ordeal  much  longer. 
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Still  the  thing  is  possible,  and  it  must  be  done 
again  and  again,  as  the  years  pass  on,  by  naturalists  of 
all  nations,  working  with  improving  machinery,  and 
with  ever-increasing  knowledge.  Por  the  bed  of  the 
deep  sea,  the  140,000,000  of  square  miles  which  we 
have  now  added  to  the  legitimate  field  of  Natural 
History  research,  is  not  a  barren  waste.  It  is  inhabited 
by  a  fauna  more  rich  and  varied  on  account  of  the 
enormous  extent  of  the  area,  and  with  the  organisms 
in  many  cases  apparently  even  more  elaborately  and 
delicately  formed,  and  more  exquisitely  beautiful  in 
their  soft  shades  of  colouring  and  in  the  rainbow-tints 
of  their  wonderful  phosphorescence,  than  the  fauna 
of  the  well-known  belt  of  shallow  water  teeming  with 
innumerable  invertebrate  forms  which  fringes  the 
land.  And  the  forms  of  these  hitherto  unknown 
living  beings,  and  their  mode  of  life,  and  their  rela- 
tions to  other  organisms  whether  living  or  extinct, 
and  the  phenomena  and  laws  of  their  geographical 
distribution,  must  be  worked  out. 

The  late  Professor  Edward  Forbes  appears  to  have 
been  the  first  who  undertook  the  systematic  study  of 
Marine  Zoology  with  special  reference  to  the  distribu- 
tion of  marine  animals  in  space  and  in  time.  After 
making  himself  well  acquainted  with  the  fauna  of 
the  British  seas  to  the  depth  of  about  200  fathoms  by 
dredging,  and  by  enlisting  the  active  co-operation  of 
his  friends — among  whom  we  find  MacAndrew,  Barlee, 
Gwyn  Jeffreys,  William  Thompson,  Robert  Ball,  and 
many  others,  entering  enthusiastically  into  the  new 
field  of  Natural  History  inquiry — in  the  year  1841 
Forbes  joined  Capt.  Graves,  who  was  at  that  time  in 
command  of  tlic  Mediterranean  Survey,  as  naturalist. 
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During  about  eighteen  months  he  studied  with  the 
utmost  care  the  conditions  of  the  ^Egean  and  its 
shores,  and  conducted  upwards  of  one  hundred 
dredging  operations  at  depths  varying  from  1  to  130 
fathoms.  In  1843  he  communicated  to  the  Cork 
meeting  of  the  British  Association  an  elaborate  report 
on  the  MoUusca  and  lladiata  of  the  ^gean  Sea,  and 
on  their  distribution  considered  as  bearing  on  Geology.^ 
Three  years  later,  in  184G,  he  published  in  the  first 
volume  of  tlie  *  Memoirs  of  the  Geological  Survey  of 
Great  Britain,'  a  most  valuable  memoir  upon  the 
Connection  between  the  existing  Fauna  and  Flora  of 
the  British  Isles,  and  the  geological  Clianges  which 
have  aflfected  their  Area,  especially  during  the  Epoch 
of  the  Northern  Drift.-  In  the  year  1859  appeared 
the  Natural  History  of  the  European  Seas  by  the  late 
Professor  Edward  Forbes,  edited  and  continued  by 
Robert  Godwin  Austen.^  In  the  first  hundred  pages 
of  this  little  book,  Forbes  gives  a  general  outline  of 
some  of  the  more  important  of  his  views  with  regard 

^  Eeport  on  the  MoUusca  and  Kadiata  of  the  i^^gean  Sea,  and  on 
their  Distribution,  considered  as  bearing  on  (leology.  By  Edward 
Forbes,  F.L.S.,  M.W.S.,  Professor  of  Botany  in  King's  College,  London. 
(Report  of  the  Thirteenth  Meeting  of  the  British  Association  for  the  Ad- 
vancement of  Science  ;  held  at  Cork  in  August  18:13.    London,  1844.) 

^  On  the  Connection  between  the  Distribution  of  the  existing  Fauna 
and  Flora  of  the  British  Isles  and  the  geological  Changes  which  have 
affected  their  Area,  especially  during  the  Epoch  of  the  Northern  Drift. 
By  Edward  Forbes,  F.R.S.,  L.S.,  G.S.,  Professor  of  Botany  at  King  s 
College,  London;  Palaeontologist  to  the  Geological  Survey  of  the 
United  Kingdom.  (Memoirs  of  the  Geological  Survey  of  Great  Britain, 
ToL  L     London,  1846.) 

'  The  Natural  History  of  the  European  Seas,  by  the  late  Professor 
Edward  Forbes,  F.R.S.,  &c.  Edited  and  continued  by  Kobert  CJodwin 
Austen,  F.R8.     London,  1859. 
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to  the  distribution  of  marine  forms.  The  remainder 
of  the  book  is  a  continuation  by  his  friend  Mr.  Godwin 
Austen,  for  before  it  was  finished  an  early  death  had 
cut  short  the  career  of  the  most  accomplished  and 
original  naturalist  of  his  time. 

I  will  give  a  brief  sketch  of  the  general  results  to 
which  Forbes  was  led  by  his  labours,  and  I  shall 
have  to  point  out  hereafter,  that  although  we  are 
now  inclined  to  look  somewhat  differently  on  certain 
very  fundamental  points,  and  although  recent  inves- 
tigations wdth  better  appliances  and  more  extended 
experience  have  invalidated  many  of  his  conclusions, 
to  Forbes  is  due  the  credit  of  having  been  the  first  to 
treat  these  questions  in  a  broad  philosophical  sense, 
and  to  point  out  that  the  only  means  of  acquiring  a 
true  knowledge  of  the  rationale  of  the  distribution  of 
our  present  fauna,  is  to  make  ourselves  acquainted 
with  its  history,  to  connect  the  present  with  the  past. 
This  is  the  direction  whicli  must  be  taken  by  future 
inquiry.  Forbes,  as  a  pioneer  in  this  line  of  research, 
was  scarcely  in  a  position  to  appreciate  the  full  value 
of  his  work.  Every  year  adds  enormously  to  our 
stock  of  data,  and  every  new  fact  indicates  more 
clearlv  the  brilliant  results  which  are  to  be  obtained 
by  following  his  methods,  and  by  emulating  his 
enthusiasm  and  his  indefatigable  industry. 

Forbes  believed  implicitly,  along  with  nearly  all  the 
leading  naturalists  of  his  time,  in  the  immutability 
of  species.  He  says  (Natural  History  of  the  British 
Seas,  p.  8),  **  Every  true  species  presents  in  its  indi- 
viduals, certain  features,  specific  characters^  which 
distinguish  it  from  every  other  species ;  as  if  the 
Creator  had  set  an  exclusive  mark  or  seal  on  each 
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type.*'  He  likewise  believed  in  specific  centres  of 
distribution.  He  held  that  all  the  individuals  com- 
posing a  species  had  descended  from  a  single  pro- 
genitor, or  from  two,  according  as  the  sexes  might  be 
united  or  distinct,  and  that  consequently  the  idea  of  a 
species  involved  the  idea  of  the  relationship  in  all  the 
individuals  of  common  descent;  and  the  converse,  that 
there  could  by  no  possibility  be  community  of  descent 
except  in  living  beings  which  possessed  the  same 
specific  characters.  He  supposed  that  the  original 
individual  or  pair  was  created  at  a  particular  spot 
where  the  conditions  were  suitable  for  its  existence 
and  propagation,  and  that  the  species  extended  and 
migrated  from  that  spot  on  all  sides  over  an  area  of 
greater  or  less  extent,  until  it  met  wdth  some  natural 
barrier  in  the  shape  of  unsuitable  conditions.  No 
specific  form  could  have  more  than  a  single  centre  of 
distribution.  If  its  area  appeared  to  be  broken  up,  a 
patch  not  in  connection  with  the  original  centre  of 
distribution  occurring  in  some  distant  locality,  it  was 
accounted  for  by  the  formation,  through  some  geolo- 
gical change  after  the  first  spread  of  the  species,  of  a 
barrier  which  cut  off  a  part  of  its  area;  or  to  some 
accidental  transport  to  a  place  where  the  conditions 
were  sufficiently  similar  to  those  of  its  natural  original 
habitat  to  enable  it  to  become  naturalized.  No  species 
once  exterminated  was  ever  recreated,  so  that  in  those 
few  cases  in  which  we  find  a  species  abundant  at  one 
period  over  an  area,  absent  over  the  same  area  for  a 
time,  and  recurring  at  a  later  period,  it  must  be  ac- 
counted for  by  a  change  in  the  conditions  of  the  area 
which  forced  the  emigration  of  the  species,  and  a  sub- 
sequent further  change  which  permitted  its  return. 


8  THE  DEPTHS  OF  THE  SEA,  [chap.  i. 

Forbes  defined  and  advocated  what  he  called  the 
law  of  representation.  He  found  that  in  all  parts 
of  the  world,  however  far  removed,  and  however 
completely  separated  by  natural  barriers,  where  the 
conditions  of  life  are  similar,  species  and  groups 
of  species  occur  which,  although  not  identical, 
resemble  one  another  very  closely;  and  he  found 
that  this  similarity  existed  likewise  between  groups 
of  fossil  remains,  and  between  groups  of  fossils 
and  groups  of  recent  forms.  Admitting  the  con- 
stancy of  specific  characters,  these  resemblances 
could  not  be  accounted  for  by  community  of  de- 
scent, and  he  thus  arrived  at  the  generalization, 
that  in  localities  placed  under  similar  circumstances, 
similar  though  specifically  distinct  specific  forms 
were  created.  These  he  regarded  as  mutually  repre- 
sentative species. 

Our  acceptance  of  the  doctrines  of  specific  centres 
and  of  representation,  or,  at  all  events,  the  form  in 
which  we  may  be  inclined  to  accept  these,  depends 
greatly  upon  the  acceptance  or  rejection  of  the  funda- 
mental dogma  of  the  immutability  of  species;  and 
on  this  point  there  has  been  a  very  great  change  of 
opinion  within  the  last  ten  or  twelve  years,  a  change 
certainly  due  to  the  remarkable  ability  and  candour 
with  which  the  question  has  been  discussed  by  Mr. 
Darwin^  and  Mr.  Wallace,^  and  to  the  genius  of  Pro- 

*  The  Origin  of  Species  by  means  of  Natural  Selection ;  or,  the 
Preservation  of  Favoured  Races  in  the  Struggle  for  Life.  By  Charles 
Darwin,  M.A.,  F.R.S.,  L.S.,  G.S.,  &c.  &c.  London,  1859,  and  subse- 
quent editions. 

2  Contributions  to  the  Theory  of  Natural  Selection.  A  Series  of 
Essays  by  Alfred  Russel  Wallace.     London,  1870. 
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fessor  Ernst  Haeckel/  Dr.  Fritz  Muller,^  and  others  of 
their  enthusiastic  disciples  and  commentators.  I  do 
not  think  that  I  am  speaking  too  strongly  when  I  say 
that  there  is  now  scarcely  a  single  competent  general 
naturalist  who  is  not  prepared  to  accept  some  form 
of  the  doctrine  of  evolution. 

There  is,  no  douht,  very  great  difficulty  in  the 
minds  of  many  of  us  in  conceiving  that,  commenc- 
ing from  the  simplest  living  being,  the  present  state 
of  things  in  the  organic  world  has  been  produced 
solely  by  the  combined  action  of  *  atavism/  the  ten- 
dency of  offspring  to  resemble  their  parents  closely ; 
and  'variation,*  the  tendency  of  offspring  to  differ 
individually  from  their  parents  within  very  narrow 
limits :  and  many  are  inclined  to  believe  that  some 
other  law  than  the  *  survival  of  the  fittest '  must 
regulate  the  existing  marvellous  system  of  extreme 
and  yet  harmonious  modification.  Still  it  must  be 
admitted  that  variation  is  a  vera  causa,  capable, 
within  a  limited  period,  under  favourable  circum- 
stances, of  converting  one  species  into  what,  accord- 
ing to  our  present  ideas,  we  should  be  forced  to 
recognize  as  a  different  species.  And  such  being  the 
case,  it  is,  perhaps,  conceivable  that  during  the  lapse 
of  a  period  of  time — still  infinitely  shorter  than 
eternity — variation  may  have  produced  the  entire 
result. 

^  Generello  Morphologie  der  Organismen.  Allgemeine  Gnindziige 
der  organischen  Formen-VVissenschaft  mechanisch  begriindet  durch 
die  von  Charles  Darwin  reformirte  Descendenz-Theorie.  Von  Ernst 
Haeckel.  Berlin,  1866. — Natiirliche  Schopfungsgeschiclite.  Von  Dr. 
Ernst  Haeckel,  Professor  an  der  Universitat  Jena.     Berlin,  1870. 

*  Fiir  Darwin.  Von  Dr.  Fritz  Miiller.  Leipzig,  1864.  Translated 
from  the  German  by  W.  S.  Dallas,  F.L.S.     London,  1869. 
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The  individuals  comprising  a  species  have  a  definite 
range  of  variation  strictly  limited  by  the  circum- 
stances under  which  the  group  of  individuals  is 
placed.  Except  in  man,  and  in  domesticated  animals 
in  which  it  is  artificially  increased,  this  individual 
variation  is  usually  so  slight  as  to  be  unappreciable 
except  to  a  practised  eye ;  but  any  extreme  variation 
which  passes  the  natural  limit  in  any  direction 
clashes  in  some  way  with  surrounding  circum- 
stances, and  is  dangerous  to  the  life  of  the  indivi- 
dual. The  normal  or  graphic  line,  or  'line  of 
safety,'  of  the  species,  lies  midway  between  the 
extremes  of  variation. 

If  at  any  period  in  the  history  of  a  species  the 
conditions  of  life  of  a  group  of  individuals  of  the 
species  be  gradually  altered,  with  the  gradual  change 
of  circumstances  the  limit  of  variation  is  contracted 
in  one  direction  and  relaxed  in  another ;  it  becomes 
more  dangerous  to  diverge  towards  one  side  and 
more  desirable  to  diverge  towards  the  other,  and  the 
position  of  the  lines  limiting  variation  is  altered. 
The  normal  line,  the  line  along  which  the  specific 
characters  are  most  strongly  marked,  is  consequently 
slightly  deflected,  some  characters  being  more  strongly 
expressed  at  the  expense  of  others.  This  deflection,  car- 
ried on  for  ages  in  the  same  direction,  must  eventually 
carry  the  divergence  of  the  varying  race  far  beyond 
any  limit  within  which  we  are  in  the  habit  of 
admitting  identity  of  species. 

But  the  process  must  be  infinitely  slow.  It  is  diffi- 
cult to  form  any  idea  of  ten,  fifty,  or  a  hundred  mil- 
lions of  years ;  or  of  the  relation  which  such  periods 
bear  to  changes  taking  place  in  the  organic  world. 
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We  must  remember,  however,  that  the  rocks  of 
the  Silurian  system,  overlaid  by  ten  miles'  thickness 
of  sediment  entombing  a  hundred  successive  faunae, 
each  as  rich  and  varied  as  the  fauna  of  the  present 
day,  themselves  teem  with  fossils  fully  representing 
all  the  existing  classes  of  animals,  except  perhaps 
the  highest. 

If  it  be  possible  to  imagine  that  this  marvellous 
manifestation  of  Eternal  Power  and  Wisdom  involved 
in  living  nature  can  have  been  worked  out  through 
the  law  of  '  descent  with  modification '  alone,  we 
shall  certainly  require  from  the  Physicists  the  longest 
row  of  cyphers  which  they  can  afford. 

Now,  although  the  admission  of  a  doctrine  of  evolu- 
tion must  affect  greatly  our  conception  of  the  origin 
and  ratimiale  of  so-called  specific  centres,  it  does  not 
practically  aflfect  the  question  of  their  existence,  or  of 
the  laws  regulating  the  distribution  of  species  from 
their  centres  by  migration,  by  transport,  by  ocean 
currents,  by  elevations  or  depressions  of  the  land,  or 
by  any  other  causes  at  work  under  existing  circum- 
stances. So  far  as  practical  naturalists  are  con- 
cerned, species  are  permanent  within  their  narrow 
limits  of  variation,  and  it  would  introduce  an  element 
of  infinite  confusion  and  error  if  we  were  to  regard 
them  in  any  other  light.  The  origin  of  species  by 
descent  with  modification  is  as  yet  only  a  hypothesis. 
During  the  whole  period  of  recorded  human  observa- 
tion not  one  single  instance  of  the  change  of  one 
species  into  another  has  been  detected ;  and,  singular 
to  say,  in  successive  geological  formations,  although 
new  species  are  constantly  appearing  and  there  is 
abundant  evidence  of  progressive  change,  no  single  case 
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has  yet  been  observed  of  one  species  passing  through 
a  series  of  inappreciable  modifications  into  anotlier. 
Every  species  appears  to  have  an  area  of  maximum 
development,  and  this  has  been  called  the  metropolis 
of  the  species ;  and  practically  we  must  employ  the 
same  methods  in  investigating  the  laws  of  its  distri- 
bution as  if  we  still  regarded  it  as  having  been 
specially  created  in  its  metropolis. 

It  is  the  same  in  dealing  with  the  law  of  represen- 
tation. Accepting  an  evolution  doctrine,  we  should 
certainly  regard  closely  allied  or  '  representative ' 
species  as  having  descended  comparatively  recently 
from  a  common  ancestry,  and  as  having  diverged 
from  one  another  under  somewhat  different  conditions 
of  life.  It  is  possible  that  as  our  knowledge  increases 
we  may  be  able  to  trace  the  pedigree  of  our  modern 
species,  and  some  attempts  have  already  been  made 
to  sketch  out  the  main  branches  of  the  universal 
genealogical  tree;^  but  practically  we  must  continue 
to  accord  a  specific  rank  to  forms  which  exhibit 
characters  to  which  we  have  been  in  the  habit  of 
assigning  specific  value. 

"Every  species  has  three  maxima  of  develop- 
ment,— in  depth,  in  geographic  space,  in  time.  In 
depth,  we  find  a  species  at  first  represented  by  few 
individuals,  which  become  more  and  more  numerous 
until  they  reach  a  certain  point,  after  which  they 
again  gradually  diminish,  and  at  length  altogether 
disappear.  So  also  in  the  geographic  and  geologic 
distribution  of  animals.  Sometimes  the  genus  to 
which  the  species  belongs  ceases  with  its  disappear- 
ance, but  not  unfrequently  a  succession  of  similar 

^  Ernst  Haeckel,  op.  cit. 
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species  are  kept  up,  representative  as  it  were  of  each 
other.  When  there  is  such  a  representation,  the 
minimum  of  one  species  usually  commences  before 
that  of  which  it  is  representative  has  attained  its 
correspondent  minimum.  Forms  of  representative 
species  are  similar,  often  only  to  be  distinguished  by 
critical  examination."  ^ 

As  an  illustration  of  what  is  meant  by  the  law  of 
*  representation,'  I  may  cite  a  very  curious  case  men- 
tioned by  Mr.  Verril  and  Mr.  Alexander  Agassiz.  On 
either  side  of  the  Isthmus  of  Panama  the  Echinoderm 
order  Echinideaj  the  sea-urchins,  are  abundant ;  but 
the  species  found  on  the  two  sides  of  the  Isthmus 
are  distinct,  although  they  belong  almost  universally 
to  the  same  genera,  and  in  most  cases  each  genus  is 
represented  by  species  on  each  side  which  resemble 
one  another  so  closely  in  habit  and  appearance  as  to 
be  at  first  sight  hardly  distinguishable.  I  arrange 
a  few  of  the  most  marked  of  these  from  the  Carib- 
bean and  Panamic  sides  of  the  Isthmus  in  parallel 
columns. 


Eastern  Fauna. 

Cidaris  annulatn^  Gray. 
Diadema  antillarum,  Phil. 
Echinocidaris  punctulata,  Desml. 
Echinometra  michelinij  Des. 
„  viridis,  A.  Ag. 

Lytechimis  variegatits^  A.  Ag. 

Tripneustes  ventricosus,  Ag. 
Stolonocli/pus  ravenelliiy  A.  Ag. 
Mellita  tegtwlinatay  Kl. 


Western  Fauna. 

Cidaris  ihouarsiiy  Val. 
Di<tdema  mexicanumy  A.  Ag. 
Echinocidaris  stellatdf  Ag. 
Echiiiometra  van  hrunii,  A.  Ag. 

„  rupicola,  A.  Ag. 

Lytechinus  aejnituhercidatus^ 

A.  Ag. 
Tripneustes  depresttus,  A.  Ag. 
Siolonochjpus  rotundus,  A.  Ag. 
Mellita  lorvgifissay  Mich. 


^  Edward  Forbes,  Report  on  ^Egean  Invertebrata,  op.  cit.  p.  1 73. 
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Eastern  Fa'jna. 

Mellita  ItexaporUy  A.  Ao. 
Encope  mic/ielinly  Ag. 

„       einaryinata,  Ao. 
Rhyncholampas  caribhoiarumy 

A.  Ag. 
Bris^m  columbarU,  Ao. 
Meonia  veiitrlcoaay  Lutk. 
Plagionotus  pectoniiuy  Ao. 
Agassizia  excentricuy  A.  Ac. 
Mmra  atropos,  Mich. 


Wkstern  Fauna. 

Mellita  pacifica^  Vek. 
Encope  grand iSy  Ag. 

„       micro  pur  a  ^  Ag. 
RhyncJiolamiHis  pacijicusy  A.  Ag. 

Brissus  obiSiis,  Yer. 
Meoma  grandis,  Gray. 
Plagionotus  nobilisj  A.  Ag. 
Agassizia  scrobicidatn^  Val. 
Moera  cIoIIm,  Mich. 


Supposing  species  to  be  constant,  tliis  singular 
chain  of  resemblances  would  indicate  simi)ly  the 
special  creation  on  the  two  sides  of  the  Isthmus  of 
two  groups  of  species  closely  resembling  one  another, 
because  the  circumstances  imder  which  they  were 
placed  were  so  very  similar ;  but  admitting  *  descent 
with  modification/  while  gladly  availing  ourselves 
of  the  convenient  term  *  representation,'  we  at  once 
come  to  the  conclusion  that  these  nearly  allied  *  re- 
presentative species '  must  have  descended  from  a  com- 
mon stock,  and  we  look  for  the  cause  of  their  diver- 
gence. Now  on  examining  the  Isthmus  of  Panama  we 
find  that  a  portion  of  it  consists  of  cretaceous  beds 
containing  fossils  un distinguishable  from  fossils  from 
the  cretaceous  beds  of  Europe ;  the  Isthmus  must 
therefore  have  been  raised  into  dry  land  in  tertiary  or 
post-tertiary  times.  It  is  difficult  to  doubt  that  the 
rising  of  this  natural  barrier  isolated  two  portions 
of  a  shallow-water  fauna  which  have  since  slightly 
diverged  under  slightly  different  conditions.  I  quote 
Alexander  Agassiz  : — "  The  question  naturally  arises, 
have  we  not  in  the  different  Faume  on  both  sides  of 
the  Isthmus  a  standard  by  which  to  measure  the 
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changes  wliich  these  species  have  undergone  since  the 
raising  of  the  Isthmus  of  Panama  and  the  isolation 
of  the  two  Faunse  ?  "  ^ 

Edward  Forhes  distinguished  round  all  seaboards 
four  very  marked  zones  of  depth,  each  characterized 
by  a  distinct  group  of  organisms.  The  first  of  these 
is  the  littoral  zone,  the  space  between  tide-marks, 
distinguished  by  the  abundance  of  sea-weeds,  on 
the  European  shores  of  the  genera  Lichinay  FnouSj 
JSnteromorpha^  Foly»iphoniay  and  Laurenciay  which 
severally  predominate  at  different  heights  in  the 
zone,  and  subdivide  it  into  subordinate  belts  like 
a  softly-coloured  riband  border.  This  band  is  under 
very  special  circumstances,  for  its  inhabitants  are 
periodically  exposed  to  the  air,  to  the  direct  rays 
of  the  sun,  and  to  all  the  extremes  of  the  climate 
of  the  land  Animal  species  are  not  very  numerous 
in  the  littoral  zone,  but  individuals  are  abundant. 
The  distribution  of  many  of  the  littoral  species  is 
very  wide,  and  some  of  them  are  nearly  cosmopolitan. 
Many  are  vegetable  feeders.  Some  characteristic 
genera  on  the  coast  of  Europe  are  Oammarus^ 
Talitrus,  and  Balanus  among  Crustacea,  and  Lit- 
torina^  Patella^  Purpura^  and  Mytilus  among  Mol- 
lusca,  with,  under  stones  and  in  rock-pools,  many 
stragglers  from  the  next  zone. 

The  Laminarian  zone  extends  from  low-water  mark 
to  a  depth  of  about  fifteen  fathoms.    This  is  specially 

'  Preliminary  Report  on  the  Echini  and  Starfishes  dredged  in  Deep 
Water  between  Cuba  and  the  Florida  Reef,  by  L.  F.  de  Pourtales, 
Assistant  U.S.  Coast  Survey;  prepared  by  Alexander  Agassiz. 
Communicated  by  Professor  B.  Peirce,  Superintendent  U.S.  Coast 
Survey,  to  the  Bulletin  of  the  Museum  of  Comparative  Zoology, 
Cambridge,  Mass.,  1869. 
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the  zone  of  *  tangles  '  for  the  first  few  fathoms,  and 
in  deeper  water  of  the  beautiful  scarlet  sea- weeds 
{floridece).  It  is  always  under  water  except  at  the 
very  lowest  ebb  of  spring  tides,  when  we  get  a 
glimpse  of  its  upper  border.  The  laminarian  zone 
produces  abundance  of  vegetable  food,  and,  like  the 
littoral  zone,  may  be  divided  into  subordinate  bands 
distinguished  by  diflferently  tinted  algae.  Animals 
swarm  in  this  zone,  both  as  to  species  and  indi- 
viduals, and  are  usually  remarkable  for  the  bright- 
ness of  their  colouring.  The  molluscan  genera 
TrochtLSy  LcLCunay  and  Lottia  are  characteristic  of  this 
belt  in  the  British  seas. 

The  Laminarian  zone  is  succeeded  by  the  Coralline 
zone,  which  extends  to  a  depth  of  about  fifty  fathoms. 
In  this  belt  vegetation  is  chiefly  represented  by  coral- 
like millipores,  and  plant-like  hydroid  zoophytes  and 
bryozoa  abound.  All  of  the  higher  orders  of  marine 
invertebrates  are  fully  represented,  principally  by 
animal  feeders.  The  larger  crustaceans  and  echino- 
derms  are  abundant;  and  the  great  fishing-banks 
frequented  by  the  cod,  haddock,  halibut,  turbot,  and 
sole,  belong  properly  to  this  zone,  although  they 
sometimes  extend  into  water  more  than  fifty  fathoms 
deep.  Characteristic  molluscan  genera  are  Btwcintim, 
FtisuSj  Ostreay  and  Pecten;  and  among  echinoderms 
in  the  European  seas  we  find  Antedon  sarsii  and 
celticus,  Asteracanthion  glaciate  and  rubenSy  Ophio- 
thrix  fragilisy  and  on  sand,  Ophioglypha  lacertosa 
and  albida. 

The  last  belt  defined  by  Forbes  as  extending  from 
about  fifty  fathoms  to  an  unknown  lower  limit  is  the 
zone  of  deep-sea  corals.     "  In  its  depths  the  number 
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of  peculiar  creatures  are  few,  yet  sufficient  to  give  a 
marked  character  to  it,  whilst  the  other  portions  of  its 
population  are  derived  from  the  higher  zones,  and 
must  be  regarded  as  colonists.  As  we  descend  deeper 
and  deeper  in  this  region,  its  inhabitants  become  more 
and  more  modified,  and  fewer  and  fewer,  indicating 
our  approach  towards  an  abyss  where  life  is  either 
extinguished,  or  exhibits  but  a  few  sparks  to  mark 
its  lingering  presence/'* 

Forbes  pointed  out  that  the  groups  of  animals  having 
their  maximum  development  in  these  several  zones 
are  thoroughly  characteristic,  and  that  groups  of 
representative  forms  occupy  the  same  zones  all  over 
the  M^orld,  so  that  on  examining  an  assemblage  of 
marine  animals  from  any  locality,  it  is  easy  to  tell 
from  what  zone  of  depth  they  have  been  procured. 
At  all  periods  of  the  earth's  history,  there  lias  been 
the  same  clear  definition  of  zones  of  depth,  and  fossil 
animals  from  any  particular  zone  are  in  some  fi>v.::se 
representative  of  the  fauna  of  the  corresponding  zone 
at  the  present  day.  We  can,  therefore,  usually  tell 
with  tolerable  certainty  to  w^hich  zone  of  depth  a  par- 
ticular assemblage  of  fossils  is  to  be  referred. 

Although  we  must  now  greatly  modify  our  views 
with  regard  to  the  extent  and  fauna  of  the  zone  of 
deep-sea  corals,  and  give  up  all  idea  of  a  zero  of 
animal  life,  still  we  must  regard  Forbes'  investiga- 
tion into  the  bathymetrical  distribution  of  animals 
as  marking  a  great  advance  on  previous  knowledge. 
His  experience  was  much  wider  than  that  of  any 
other  naturalist  of  his  time ;  the  practical  difficulties 
in  the  way  of  testing  his  conclusions  were  great,  and 

*  E«lward  Forbes,  Natural  History  of  the  European  Seas,  p.  26. 
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they  were  accepted  by  naturalists  generally  without 
question. 

The  history  of  discovery  bearing  upon  the  extent  and 
distribution  of  the  deep-sea  fauna  will  be  discussed  in 
a  future  chapter.  It  ^vill  suflftce  at  present  to  mention 
in  order  the  few  data  which  gradually  prepared  the 
minds  of  naturalists  to  distrust  the  hypothesis  of  a 
zero  of  animal  life  at  a  limited  depth,  and  led  to  the 
recent  special  investigations.  In  the  year  1819  Sir 
John  Ross  published  the  official  account  of  his  voyage 
of  discovery  during  the  year  1818  in  Baffin's  Bay.* 
At  page  178  he  says,  "  In  the  meantime  I  was  em- 
ployed on  board  in  sounding  and  in  trying  the  cur- 
rent, and  the  temperature  of  the  water.  It  being 
perfectly  calm  and  smooth,  I  had  an  excellent  oppor- 
tunity of  detecting  these  important  objects.  Sound- 
ings were  obtained  correctly  in  1,000  fathoms, 
consisting  of  soft  mud,  in  which  there  were  worms, 
and,  entangled  on  the  sounding  line,  at  the  depth 
of  800  fathoms,  was  found  a  beautiful  Caput  Meduate 
(Fig.  1).  These  were  carefully  preserved,  and  will  be 
found  described  in  the  appendix."  This  was  in  lat. 
73°  37'  N.,  long.  77'  25'  W.,  on  the  1st  of  September, 
1818,  and  it  is,  so  far  as  I  am  aware,  the  first  recorded 
instance  of  living  animals  having  been  brought 
up  from  any  depth  approaching  1,000  fathoms. 
General  Sir  Edward  Sabine,  who  was  a  member  of 
Sir  John  lloss's  expedition,  has  kindly  furnished  Dr. 

'  Al  Voyage  of  Discovery  made  under  the  Orders  of  the  Admiralty 
in  His  Mfijesty's  ships  *  Isabella'  and  *  Alexander,'  for  the  purpose 
of  exploring  Baffin's  Bay,  and  inquiring  into  the  Possibility  of  a 
Xorth-wcfrt  Passage.  By  John  Boss,  K.G.,  Captain  Eoyal  Navy. 
London,  1819. 
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Carpenter  with  some  more  ample  particulars  of  this 


occurrence :' — "  '  The  ship  sounded  in  1,000  fathoms, 
mud,   between   one   and   two    miles  off   shore    (lat. 

'  Preliminary  Eeport,  by  Dr.  William  It.  Carpenter,  V.P,R.S.,  of 
Dreilginf  Operations  in  the  Seas  to  tlie  North  of  the  British  Islands, 
carried  on  in  Her  Mnjosty'a  eteam- vessel  'Lightning,'  by  Dr. 
CarpenttT  and  Dr.  Wyville  Thomson.  (Proceedings  of  the  Royal 
Society,  18B8,  p.  177.) 
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73'  37'  N.,  long.  77'  25'  W,) ;  a  magnificent  Asterias 
{Caput  Medusce)  was  entangled  by  the  line,  and 
brought  up  with  very  little  damage.  The  mud  was 
soft  and  greenish,  and  contained  specimens  of  Lum- 
brieua  ttibicolaJ*  So  far  my  written  journal;  but  I 
can  add,  from  a  very  distinct  recollection,  that  the 
heavy  deep-sea  weight  had  sunk,  drawing  the  line 
with  it,  several  feet  into  the  soft  greenish  mud, 
which  still  adhered  to  the  line  when  brought  to 
the  surface  of  the  water.  The  star-fish  had  been 
entangled  in  the  line  so  little  above  the  mud  that 
fragments  of  its  arms,  which  had  been  broken  oflF  in 
the  ascent  of  the  line,  were  picked  up  from  amongst 
the  mud.'* 

Sir  James  Clark  Ross,  R.N.,  dredging  in  270 
fathoms,  lat.  73'  3'  S.,  long.  176'  6'  E.,  reports :  ^ 
"  Corallines^  Flmtrce^  and  a  variety  of  invertebrate 
animals,  came  up  in  the  net,  showing  an  abundance 
and  great  variety  of  animal  life.  Amongst  these  I 
detected  two  species  of  Fycnogonum ;  Idotea  baffini^ 
hitherto  considered  peculiar  to  the  Arctic  seas;  a 
Chiton^  seven  or  eight  bivalves  and  univalves,  an  un- 
known species  of  Gammarns^  and  two  kinds  of  Seiyula 
adhering  to  the  pebbles  and  shells  ...  It  was  interest- 
ing amongst  these  creatures  to  recognize  several  that 
I  had  been  in  the  habit  of  taking  in  equally  high 
northern  latitudes ;  and  although,  contrary  to  the 
general  belief  of  naturalists,  I  have  no  doubt  that, 
from  however  great  a  depth  we  may  be  enabled  to 
bring  up  the  mud  and  stones  of  the  bed  of  the  ocean, 

*  A  Voyage  of  Discovery  and  Research  in  the  Southern  and 
Antarctic  Regions  during  the  Years  1839-43.  By  Captain  Sir 
James  Clark  Ross,  R.N.     London,  1H47. 
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we  shall  find  them  teeming  with  animal  life ;  the  ex- 
treme pressure  at  the  greatest  depth  does  not  appear 
to  aflfect  these  creatures ;  hitherto  we  have  not  been 
able  to  determine  this  point  beyond  a  thousand 
fathoms,  but  from  that  depth  several  shell-fish  have 
been  brought  up  vnih.  the  mud." 

On  the  28th  of  June  1845,  Mr.  Henry  Goodsir^ 
who  was  a  member  of  Sir  John  Franklin's  ill-fated 
expedition,  obtained  in  Davis'  Strait  from  a  depth  of 
300  fathoms,  "a  capital  haul, — mollusca,  Crustacea, 
asterida,  spatangi,  corallines,  &c."  ^  The  bottom  was 
composed  of  fine  green  mud  like  that  mentioned  by 
Sir  Edward  Sabine. 

About  the  year^854  Passed-midshipman  Brooke, 
U.S.N.,  invented  his  ingenious  sounding  instrument 
for  bringing  up  samples  from  the  bottom.  It  only 
brought  up  a  small  quantity  in  a  quill.  These  trophies 
from  any  depth  over  1,000  fathoms  were  eagerly  sought 
for  by  naturalists  and  submitted  to  searching  micro- 
scopic examination ;  and  the  result  was  very  surpris- 
ing. All  over  the  Atlantic  basin  the  sediment  brought 
up  was  nearly  uniform  in  character,  and  consisted 
almost  entirely  of  the  calcareous  shells,  whole  or  in 
fragments,  of  one  species  of  foraminifer,  Globigevina 
bulloides  (Fig.  2).  Mixed  with  these  were  the  shells 
of  some  other  foraminifera,  and  particularly  a  little 
perforated  sphere,  Orbulina  universa  (Fig.  3),  which 
in  some  localities  entirely  replaces  Olohigerina ; 
with  a  few  shields  of  diatoms,  and  spines  and 
trellised  skeletons  of  Radiolaria.  Some  soundings 
from  the    Pacific  were  of   the    same   character,   so 

1  Nataral   History   of    the  British   Seas.     By   Professor   Edward 
Forbes  and  R  Godwin- Austen.    P.  51. 
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tbat  it  seemed  probable  that  this  gradual  deposition 
of  a  tine  uniform  organic  eediment  was  almost 
universal. 

Then  the  question  arose  whether  the  animals  which 
secreted  these  shells  lived  at  the  bottom,  or  whether 
they  floated  in  myriads  on  the  surface  and  in  tlie 
upper  zones  of  tlie  sea,  their  empty  shells  falling 
after  death  through  the  water  in  an  incessant  shower. 
Specimens  of  the  soundings  were  sent  to  the  eminent 


m^Aj  niagnlOeil. 


microscopists  Professor  Ehrenberg  of  Berlin  and  the 
late  Professor  Baily  of  West  Point.  On  tlie  moot 
question  these  two  naturalists  gave  opposite  opinions. 
Ehrenberg  contended  tbat  the  weight  of  evidence 
was  in  favour  of  their  having  lived  at  the  bottom, 
while  Baily  thought  it  was  not  probable  that  the 
animals  live  at  the  depths  where  the  shells  arc 
found,   but    that   they  inhabit  the   water   near  the 
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surface,  and  when  they  die  their  shells  settle  to  the 
bottom.' 

The  next  high  authority  who  expressed  an  opinion 
■was  Professor  Huxley,  and  he  was  very  guarded.  The 
samples  procured  by  Cnpt.  Dayman  in  the  'Cyclops,' 


Highly  migniaed. 


in  1857,  were  submitted  to  him  for  examination,  and 
in  his  report  to  the  Admiralty*  in  1858  he  says: — 

'  Explanations  and  Sailing  Directions  to  accompany  the  ^Vind  and 
Currents  Charts.  By  M.  F.  Maury,  LL.D.,  Lieut.  U.SN.,  Super- 
intendent of  the  National  Observatory.  6th  Edition,  Philadelphia, 
1864.     P.  299. 

•  Appendix  A  to  Deep  Sea  Soundings  in  the  North  Atlantic  Ocean 
between  Ireland  and  Newfoundland,  made  in  H.M.S.  'Cyclope,' 
Lieut.-Conimander  Joseph  Dayman,  in  June  and  July  1857.  Pub- 
lished by  order  of  the  Lords  CommissionerB  of  the  Admiralty. 
London,  1858. 
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"  How  can  animal  life  be  conceived  to  exist  under 
such  conditions  of  light,  temperature,  pressure,  and 
aeration  as  must  obtain  at  these  vast  depths  ?  To  this 
one  can  only  reply  that  we  know  for  a  certainty  that 
even  very  highly- organized  animals  do  contrive  to  live 
at  a  depth  of  300  or  400  fathoms,  inasmuch  as  they 
have  been  brought  up  thence,  and  that  the  difference 
in  the  amount  of  light  and  heat  at  400  and  at  2,000 
fathoms  is  probably,  so  to  speak,  very  far  less  than 
the  difference  in  complexity  of  organization  between 
these  animals  and  the  humble  Protozoa  and  Proto- 
phyta  of  the  deep-sea  soundings.  I  confess,  though, 
as  yet,  far  from  regarding  it  proved  that  the  Glo- 
bigerincB  live  at  these  depths,  the  balance  of  proba- 
bilities seems  to  me  to  incline  in  that  direction." 

In  1860  Dr.  Wallich  accompanied  Captain  Sir 
Leopold  McClintoek  in  H.M.S.  *  Bulldog'  on  her 
sounding  expedition  to  Iceland,  Greenland,  and  New- 
foundland, as  naturalist.  During  the  cruise  soundings 
were  taken,  and  specimens  of  the  bottom  were  brought 
up  from  depths  from  600  to  2,000  fathoms ;  many  of 
these  were  the  now  well-known  grey '  Globigerina  ooze,' 
while  others  were  volcanic  detritus  from  Iceland,  and 
clay  and  gravel  the  product  of  the  disintegration  of  the 
metamorphic  rocks  of  Greenland  and  Labrador.  On 
the  return  voyage,  about  midway  between  Cape  Fare- 
w^ell  and  Rockall,  thirteen  star-fishes  came  up  from  a 
sounding  of  1,260  fathoms,  "  convulsively  embracing 
a  portion  of  the  sounding-line  which  had  been  payed 
out  in  excess  of  the  already  ascertained  depth,  and 
rested  for  a  suflBcient  period  at  the  bottom  to  permit 
of  their  attaching  themselves  to  it."  On  his  return 
Dr.  Wallich  published  in  1862,  an  extremely  valuable 
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work  which  will  be  frequently  referred  to  hereafter, 
upon  '  The  Atlantic  Sea-bed.'  ^  He  warmly  advocated 
the  view  that  the  conditions  of  the  bottom  of  the  sea 
were  not  such  as  to  preclude  the  possibility  of  the 
existence  of  even  the  higher  forms  of  animal  life,  and 
discussed  fully  and  with  great  ability  the  arguments 
which  had  been  advanced  on  the  other  side.  The  first 
part  only  of  Dr.  Wallich's  book  appeared,  in  a  some- 
what costly  and  cumbrous  form,  and  it  scarcely  came 
into  the  hands  of  working  naturalists,  or  received  the 
attention  which  it  deserved.  At  the  time,  however,  it 
was  merely  an  expression  of  individual  opinion,  for 
no  new  facts  had  been  elicited.  Star-fishes  had  come 
up  on  several  previous  occasions  adhering  to  sounding- 
lines,  but  the  absolute  proof  was  still  wanting  that 
they  had  lived  upon  the  ground  at  the  depth  of  the 
sounding.  Dr.  Wallich  referred  the  star-fishes  procured 
to  a  well-known  littoral  species,  and  complicated  their 
history  somewhat  irrelevantly  with  the  disappearance 
of  the  *  Land  of  Buss.'  Fortunately  the  artistic  if 
not  very  satisfactory  figure  which  he  gives  of  a  star- 
fish clinging  to  the  line  does  not  bear  out  his  deter- 
mination either  in  appearance  or  attitude,  but  suggests 
one  or  other  of  two  species  which  we  now  know  to 
be  excessively  abundant  in  deep  water  in  the  North 
Atlantic,  Ophiopholis  aculeata,  O.  P.  Mijller,  or 
Ophiacantha    spinulosay     MijLLER     and    Troschel. 

^  The  North  Atlantic  Sea-bed  :  comprising  a  Diary  of  the  Voyage 
on  board  H.M.S.  'Bulldog/  in  1860;  and  Observations  on  the 
presence  of  Animal  Life,  and  the  Formation  and  Kature  of  Organic 
Deposits  at  great  Depths  in  the  Ocean.  By  G.  C.  Wallich,  M.D., 
F.L.S.,  F.G.8.,  &C.  Published  with  the  sanction  of  the  Lords  Com- 
missioners of  the  Admiralty.     London,  1862. 
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Dr.  Wallich's  is  the  only  book  which  discusses  fully 
and  systematically  the  various  questions  bearing 
upon  the  biological  relations  of  the  sea-bed,  and  his 
conclusions  are  in  the  main  correct. 

In  the  autumn  of  the  year  1860  Mr.  Fleeming 
Jenkin,  C.E.,  now  Professor  of  Engineering  in  the 
University  of  Edinburgh,  was  employed  by  the 
Mediterranean  Telegraph  Company  to  repair  their 
cable  between  Sardinia  and  Bona  on  the  coast  of 
Africa,  and  on  January  15, 1861,  he  gave  an  interest- 
ing account  of  his  proceedings  at  a  meeting  of  the 
Institution  of  Civil  Engineers.' 

This  cable  was  laid  in  the  year  1857.  In  1858  it 
became  necessary  to  repair  it,  and  a  length  of  about 
30  miles  was  picked  up  and  successfully  replaced. 
In  the  summer  of  1860  the  cable  completely  failed. 
On  taking  it  up  in  comparatively  shallow  water  on 
the  African  shore,  the  cable  was  found  covered  with 
marine  animals,  greatly  corroded,  and  injured  appa- 
rently by  the  trawling  operations  in  an  extensive 
coral  fishery  through  which  it  unfortunately  passed. 
It  was  broken  through  in  70  fathoms  water  a  few 
miles  from  Bona.  The  sea-end  was  however  recovered, 
and  it  was  found  that  the  cable  which  thence  traversed 
a  wide  valley  nearly  2,000  fathoms  in  maximum 
depth,  was  perfect  to  within  about  40  miles  of  Sar- 
dinia. It  was  then  picked  up  from  the  Sardinian  end, 
and  the  first  39  miles  were  as  sound  as  when  it  was 
first  laid  down.  At  this  distance  from  the  shore  there 
was  a  change  in  the  nature  of  the  bottom,  evidenced 
by  the  diflferent  colour  of  the  mud,  and  the  wires  were 

^  Minutes  of  Proceedings  of  the  Institution  of  Civil  Engineers, 
with  Abstracts  of  the  Discussions.     Vol.  xx.  p.  81.     London,  1861. 
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much  corroded.  Shortly  afterwards  the  cable  gave 
way  in  a  depth  of  1,200  fathoms,  at  a  distance  of  one 
mile  from  the  spot  where  the  electrical  tests  showed 
that  the  cable  had  been  previously  broken. 

With  these  40  miles  of  cable  much  coral  and  many 
marine  animals  were  brought  up,  but  it  did  not  appear 
that  their  presence  had  injured  the  cable,  for  they 
were  attached  to  the  sound  as  well  as  to  the  corroded 
portions.  On  his  return,  Mr.  Fleeming  Jenkin  sent 
specimens  of  the  animals  which  he  had  himself  taken 
from  the  cable,  noting  the  respective  depths,  to  Pro- 
fessor AUman,  F.K.S.  for  determination.  Dr.  Allman 
gives  a  list  of  fifteen  animal  forms,  including  the  ova 
of  a  cephalopod,  found  at  depths  of  from  70  to  1,200 
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fathoms.  On  other  portions  of  the  cable  species  of 
Orantia,  PUimularia,  Gorgonia,  Caryophyllia,  Alcy- 
oiiium,  Cellepora,  Relepora,  Eschara,  Salicornaria, 
Ascidta,  Lima,  and  Serpula.   I  observe  from  Professor 
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Eleeming  Jenkin's  private  journal,  which  he  has 
kindly  placed  in  my  hands  for  reference,  that  an 
example  of  Caryophyllia^  a  true  coral  (Fig.  4),  was 
found  naturally  attached  to  the  cable  at  the  point 
where  it  gave  way;  that  is  to  say,  at  the  bottom  in 
1,200  fathoms  water. 

Some  portions  of  this  cable  subsequently  came  into 
the  custody  of  M.  Mangon,  Professor  at  the  Ecole 
des  Fonts  et  Chaussfees  in  Faris,  and  were  examined 
by  M.  Alphonse  Milne-Edwards,  who  read  a  paper 
upon  the  organisms  attached  to  them,  at  the  Academy 
of  Sciences,  on  the  15tli  of  July,  1861.^  After  some 
introductory  remarks  which  show  that  he  is  thoroughly 
aware  of  the  value  of  this  observation  as  a  final 
solution  of  tlie  vexed  question  of  the  existence  of 
animal  life  at  depths  in  the  sea  greatly  beyond  the 
supposed  'zero'  of  Edward  Forbes,  M.  Milne- 
Edwards  gives  a  list  of  the  animals  which  he  found  on 
the  cable  from  the  depth  of  1,100  fathoms.  The  list 
includes  Murex  lamelloaua^  Cristofori  and  Jan,  and 
Craspedotvs  limbatua^  Fhilippi,  two  univalve  shells 
allied  to  the  whelk ;  Oatrea  cochlear,  FoLi,  a  small 
oyster  common  below  40  fathoms  throughout  the 
Mediterranean;  Fecten  teslce^  Bivona,  a  rare  little 
clam ;  Caryophyllia  borealia,  Fleming,  or  a  nearly 
allied  species,  one  of  the  true  corals ;  and  an  unde- 
scribed  coral  referred  to  a  new  genus  and  species 
under  the  name  of  Tha lass iotroc hits  telegi^aphicuSj 
A.  Milne-Edwards. 

'  Observations  sur  TExistence  do  divers  Mollusques  et  Zoophytes  u 
de  tr^s  grandes  profondeurs  dans  la  Mer  Meditcrrancc :  Annales  des 
Sciences  Naturelles;  quatricme  serie — Zoologie.  Tome  xv.  p.  149. 
Paris,  1861. 
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It  is  right,  however,  to  state  that  Prof,  rieeming 
Jenkin's  notes  refer  to  only  one  or  two  species,  and 
especially  to*  Caryophy Ilia  borealia,  as  attached  to  the 
cable  at  a  depth  of  upwards  of  ]  ,000  fathoms.  From 
this  depth  he  took  examples  of  Caryophyllia  with  his 
own  hands,  but  he  suspects  that  specimens  from  the 
shallower  water  may  have  got  mixed  with  those  from 
the  deeper  in  the  series  in  the  possession  of  M. 
Mangon,  and  that  therefore  M.  Milne-Edwards'  list  is 
not  entirely  trustworthy. 

Up  till  this  time  all  observations  with  reference  to 
the  existence  of  living  animals  at  extreme  depths  had 
been  liable  to  error,  or  at  all  events  to  doubt,  from 
two  sources.  The  appliances  and  methods  of  deep- 
sea  sounding  were  imperfect,  and  there  was  always 
a  possibility,  from  the  action  of  deep  currents  upon 
the  sounding  line  or  from  other  causes,  of  a  greater 
depth  being  indicated  than  really  existed ;  and  again, 
although  there  was  a  strong  probability,  there  was 
no  absolute  certainty  that  the  animals  adhering  to 
the  line  or  entangled  on  the  sounding  instrument 
had  actually  come  up  from  the  bottom.  They  might 
have  been  caught  on  the  way. 

Before  laying  a  submarine  telegraphic  cable  its 
course  is  carefully  surveyed,  and  no  margin  of  doubt 
is  left  as  to  the  real  depth.  Fishing  the  cable  up  is  a 
delicate  and  difficult  operation,  and  during  its  progress 
the  depth  is  checked  again  and  again.  The  cable  lies 
on  the  ground  throughout  its  whole  length.  The 
animal  forms  upon  which  our  conclusions  are  based 
are  not  sticking  loosely  to  the  cable,  under  circum- 
stances which  might  be  accounted  for  by  their  having 
been  entangled  upon  it  during  its  passage  through  the 
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water,  but  they  are  moulded  upon  its  outer  surface  or 
cemented  to  it  by  calcareous  or  homy  excretions,  and 
some  of  them,  such  as  the  corals  and  bryozoa,  from 
what  we  know  of  their  history  and  mode  of  life,  must 
have  become  attached  to  it  as  minute  germs,  and  have 
grown  to  maturity  in  the  position  in  which  they  were 
found.  I  must  therefore  regard  this  observation  of 
Mr.  Fleeming  Jenkin  as  having  afforded  the  first 
absolute  proof  of  the  existence  of  highly-organized 
animals  living  at  depths  of  upwards  of  1,000  fathoms. 
During  the  several  cruises  of  H.M.  ships  *  Light- 
ning '  and  *  Porcupine '  in  the  years  1868,  1869,  and 
1870,^  fifty-seven  hauls  of  the  dredge  were  taken  in 
the  Atlantic  at  depths  beyond  600  fathoms,  and  sixteen 
at  depthsbeyond  1,000  fathoms,  and  in  all  cases  life  was 
abundant.  In  18G9  we  took  two  casts  in  depths  greater 
than  2,000  fathoms.  In  both  of  these  life  was  abun- 
dant ;  and  with  the  deepest  cast,  2,435  fathoms,  oflF 
the  mouth  of  the  Bay  of  Biscay,  we  took  living,  well- 
marked  and  characteristic  examples  of  all  of  the  five 
invertebrate  sub-kingdoms.    And  thus  the  question  of 

^  Preliminary  Report,  by  Dr.  William  Carpenter,  V.P.RS.,  of 
Dredging  Operations  in  the  Seas  to  the  north  of  the  British  Islands, 
carried  on  in  Her  Majesty's  steam-vessel  *  Lightning'  by  Dr.  Carpenter 
and  Dr.  Wyville  Thomson,  Professor  of  Natural  History  in  Queen's 
College,  Belfast.     (Proceedings  of  the  Royal  Society  of  London,  1868.) 

Preliminary  Report  of  the  Scientific  Exploration  of  the  Deep  Sea 
in  H.M.  surveying-vessel  *  Porcupine,'  during  the  Summer  of  1869. 
Conducted  by  Dr.  Carpenter,  V.P.R.S.,  J.  Gwyn  Jeffreys,  F.R.S.,  and 
Professor  Wyville  Thomson,  LL.D.,  F.R.S.  (Proceedings  of  the  Eoyal 
Society  of  London,  1870.) 

Report  of  Deep  Sea  Researches  carried  on  during  the  months  of 
July,  August,  and  September  1870,  in  H.M.  surveying-ship  'Pon^u- 
pine,'  by  W.  B.  Carpenter,  M.D.,  F.R.S.,  and  J.  Gwyn  Jeffreys,  F.RS. 
(Proceedings  of  the  Royal  Society  of  London,  1870.) 
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the  existence  of  abundant  animal  life  at  the  bottom 
of  the  sea  has  been  finally  settled  and  for  all  depths, 
for  there  is  no  reason  to  suppose  that  the  depth  any- 
where exceeds  between  three  and  four  thousand 
fathoms ;  and  if  there  be  nothing  in  the  conditions  of 
a  depth  of  2,500  fathoms  to  prevent  the  full  develop- 
ment of  a  varied  fauna,  it  is  impossible  to  suppose 
that  even  an  additional  thousand  fathoms  would  make 
any  great  difference. 

The  conditions  which  might  be  expected  principally 
to  aflfect  animal  life  at  great  depths  of  the  sea  are 
pressure,  temperature,  and  the  absence  of  light  which 
apparently  involves  the  absence  of  vegetable  food. 

After  passing  a  zone  surrounding  the  land,  which  is 
everywhere  narrow  compared  with  the  extent  of  the 
ocean,  through  which  the  bottom  more  or  less  abruptly 
shelves  downwards  and  the  water  deepens ;  speaking 
very  generally,  the  average  depth  of  the  sea  is 
2,000  fathoms,  or  about  two  miles ;  as  far  below 
the  surface  as  the  average  height  of  the  Swiss  Alps. 
In  some  places  the  depth  seems  to  be  considerably 
greater,  possibly  here  and  there  nearly  double  that 
amount ;  but  these  abysses  are  certainly  very  local, 
and  their  existence  is  even  uncertain,  and  a  vast  por- 
tion of  the  area  does  not  reach  a  depth  of  1,500 
fathoms. 

The  enormous  pressure  at  these  great  depths  seemed 
at  first  sight  alone  sufficient  to  put  any  idea  of  life 
out  of  the  question.  There  was  a  curious  popular 
notion,  in  which  I  well  remember  sharing  when  a  boy, 
that,  in  going  down,  the  sea- water  became  gradually 
under  the  pressure  heavier  and  heavier,  and  that  all 
the  loose  thinsrs  in  the  sea  floated  at  diff^erent  levels. 
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according  to  their  specific  weight :  skeletons  of  men, 
anchors  and  shot  and  cannon,  and  last  of  all  the 
broad  gold  pieces  wrecked  in  the  loss  of  many  a 
galleon  on  the  Spanish  Main ;  the  whole  forming  a 
kind  of  *  false  bottom '  to  the  ocean,  beneath  which 
there  lay  all  the  depth  of  clear  still  water,  Miiich 
was  heavier  than  molten  gold. 

The  conditions  of  pressure  are  certainly  very  extra- 
ordinary. At  2,000  fathoms  a  man  would  bear  upon  his 
body  a  weight  equal  to  twenty  locomotive  engines,  each 
with  a  long  goods  train  loaded  with  pig  iron.  We  are 
apt  to  forget,  however,  that  water  is  almost  incom- 
pressible, and  that  therefore  the  density  of  sea-water 
at  a  depth  of  2,000  fathoms  is  scarcely  appreciably 
increased.  At  the  depth  of  a  mile,  under  a  pressure 
of  about  159  atmospheres,  sea-water,  according  to  the 
formula  given  by  Jamin,  is  compressed  by  the  ti  ^  of 
its  volume  ;  and  at  twenty  miles,  supposing  the  law  of 
the  compressibility  to  continue  the  same,  by  only  \  of 
its  volume — that  is  to  say,  the  volume  at  that  depth 
would  be  7  of  the  volume  of  the  same  weight  of  water 
at  the  surface.  Any  free  air  suspended  in  the  water, 
or  contained  in  any  compressible  tissue  of  an  animal 
at  2,000  fathoms,  would  be  reduced  to  a  mere  fraction 
of  its  bulk,  but  an  organism  supported  through  all  its 
tissues  on  all  sides,  within  and  without,  by  incom- 
pressible fluids  at  the  same  pressure,  would  not 
necessarily  be  incommoded  by  it.  AVe  sometimes 
find  when  we  get  up  in  the  morning,  by  a  rise  of  an 
inch  in  the  barometer,  that  nearly  half  a  ton  has  been 
quietly  piled  upon  iis  during  the  night,  but  we  expe- 
rience no  inconvenience,  rather  a  feeling  of  exhilara- 
tion and  buoyancy,  since  it  requires  a  little  less  exer- 
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tion  to  move  our  bodies  in  the  denser  medium.  We  are 
already  familiar,  chiefly  through  the  researches  of  the 
late  Professor  Sars,  with  a  long  list  of  animals  of  all 
the  invertebrate  groups  living  at  a  depth  of  300  to 
400  fathoms,  and  consequently  subject  to  a  pressure 
of  1,120  lbs.  on  the  square  inch  ;  and  off  the  coast  of 
Portugal  there  is  a  great  fishery  of  sharks  {Centros- 
cymnua  ccelolepis^  Boo.  and  Cap.),  carried  on  beyond 
that  depth. 

If  an  animal  so  high  in  the  scale  of  organization 
as  a  shark  can  bear  without  inconvenience  the 
pressure  of  half  a  ton  on  the  square  inch,  it  is  a 
sufficient  proof  that  the  pressure  is  applied  under 
circumstances  which  prevent  its  affecting  it  to  its 
prejudice,  and  there  seems  to  be  no  reason  why 
it  should  not  tolerate  equally  well  a  pressure  of 
one  or  two  tons.  At  all  events  it  is  a  fact  that 
the'  animals  of  all  the  invertebrate  classes  which 
abound  at  a  depth  of  2,000  fathoms  do  bear  that 
extreme  pressure,  and  that  they  do  not  seem  to  be 
affected  by  it  in  any  way.  We  dredged  at  2,435 
fathoms  Scrohicularia  nitiday  Muller,  a  species 
which  is  abundant  in  six  fathoms  and  at  all  inter- 
mediate depths,  and  at  2,090  fathoms  a  large  FnsuSy 
with  species  of  many  genera  which  are  familiar  at 
moderate  depths.  Although  highly  organized  animals 
may  live  when  permanently  subjected  to  these  high 
pressures,  it  is  by  no  means  certain  that  they  could 
survive  the  change  of  condition  involved  in  the  pres- 
sure being  suddenly  removed.  Most  of  the  moUusca 
and  annelids  brought  up  in  the  dredge  from  beyond 
1,000  fathoms  were  either  dead  or  in  a  very  sluggish 
state.     Some  of  the  star-fishes  moved  for  some  time 
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feebly,  and  the  spines  and  pedicellarisB  moved  on  the 
shells  of  the  urchins,  but  all  the  animals  had  evi- 
dently received  from  some  cause  their  death-shock. 
Dr.  Perceval  Wright  mentions^  that  all  the  sharks 
brought  up  by  the  long  lines  from  600  fathoms  in 
Setubal  Bay  are  dead  when  they  reach  the  surface. 

Various  methods  have  been  proposed  to  test  the 
actual  pressure  at  great  depths,  but  as  all  the  elements 
in  the  calculation  are  well  known,  it  is  easier  to  work 
out  the  question  in  the  study  than  in  the  field.  A 
neat  instrument  was  constructed  for  the  American 
Coast  Survey.  A  brass  piston  or  plunger  was  fitted 
accurately  into  a  cylindrical  hole  in  the  wall  of  a  brass 
water-tight  chamber.  The  chamber  was  completely 
filled  with  water,  and  a  clasping  index  on  the  plunger 
marked  to  what  extent  the  plunger  had  been  driven 
into  the  water  contained  in  the  chamber  by  the 
extreme  pressure.  The  required  indication  is  no 
doubt  given,  but  such  an  instrument  is  at  the  same 
time  an  extremely  delicate  thermoscope,  and  until 
lately  there  has  been  no  perfect  means  of  correcting 
for  temperature.  A  more  important  application  of 
the  pressure  gauge  is  to  check  the  accuracy  of  deep 
soundings.  Probably  the  best  arrangement  which 
has  been  proposed  for  the  purpose  is  a  long  capil- 
lary glass  tube,  calibrated  and  graduated  to  milli- 
metres, open  at  one  end,  and  provided  with  a  moveable 
index  to  show  to  what  amount  the  air  contained  in 
the  tube  has  been  compressed  by  the  entrance  of  the 
water.     The  principal  objection  to  this  device  is  the 

« 

^  Notes  on  Deep  Sea  Dredging,  by  Edward  Perceval  Wright,  M.D., 
F.L.S.,  Professor  of  Zoology,  Trinity  College,  Dublin.  (Annals  and 
Magazine  of  Natural  History,  December  1868.) 
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great  difficulty  in  arranging  an  index  which  Mdll 
measure  with  accuracy  the  extremely  small  space  into 
which  even  a  long  column  of  air  is  compressed  when 
the  pressure  becomes  very  great.  It  can  scarcely  be 
made  available  beyond  1,000  fathoms  (200  atmo- 
spheres). 

We  have  in  Sir  John  Herschel's  ^  Physical  Geo- 
graphy/^ and  in  Dr.  Wallich's  ^Atlantic  Sea-bed,'* 
where  it  is  given  in  the  fullest  detail,  the  doctrine  of 
the  distribution  of  deep-sea  temperature  as  it  seems 
to  have  been  almost  universally  adopted  up  till  the 
time  of  the  cruise  of  the  ^  Lightning.'  It  was  gene- 
rally understood  that  while  the  surface  temperature, 
which  depended  upon  direct  solar  radiation,  the 
direction  of  currents,  the  temperature  of  winds,  and 
other  temporary  causes,  might  vary  to  any  amount ; 
at  a  certain  depth  the  temperature  was  permanent  at 
4°  C,  the  temperature  of  the  greatest  density  of  fresh 
water.  It  is  singular  that  this  belief  should  have  met 
with  so  general  acceptance,  for  so  early  as  the  year 
1833  M.  Depretz'  determined  that  the  temperature 
of  the  maximum  density  of  sea- water,  which  contracts 
steadily  till  just  above  its  freezing-point,  is  — 3°*67  C. ; 
and  even  before  that  time  observations  of  sea-tempe- 
ratures at  great  depths,  which  were  certainly  trust- 
worthy within  a  few  degrees,  had  indicated  severa. 
degrees  below  the  freezing-point  of  fresh  water. 

The  question  of  the  distribution  of  heat  in  the  sea, 

^  Physical  Geography ;  from  the  "  Encyclopjedia  Britannica.*'    By 
Sir  John  F.  W.  Ilerschel,  Bart.  K.ll.  <fec.  &c.,  p.  45.  Edinburgh,  1861. 

*  Atlantic  Sea-bed,  p.  98. 

•  Recherches  sur  le  Maximum  de  Densito  des  Dissolutions  aqueuscs. 
(Annales  de  Chimie,  tome  Ixx.  1833,  p.  54.) 
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which  is  one  of  the  greatest  interest  in  connection 
with  the  distribution  of  marine  animals,  will  be  fully 
discussed  in  a  future  chapter.  The  broad  conclusions 
to  which  we  have  been  led  by  late  investigations  are, 
that  instead  of  there  being  a  permanent  deep  layer  of 
water  at  4°  C.  the  average  temperature  of  the  bottom 
of  the  deep  sea  in  temperate  and  tropical  regions  is 
about  0°  C,  the  freezing-point  of  fresh  water ;  and  that 
there  is  a  general  surface  movement  of  warm  water, 
produced  probably  by  a  combination  of  various  causes, 
from  the  equatorial  regions  towards  the  poles,  and  a 
slow  under-current,  or  rather  indraught,  of  cold  water 
from  the  poles  towards  the  equator.  From  cases 
which  are  recorded,  chiefly  by  the  earlier  American 
sounding  expeditions,  of  the  sounding-line  having  been 
run  out  into  long  loops  in  soundings  where,  from  the 
nature  of  the  sea-bed,  the  bottom  water  appeared  to 
be  still,  it  would  seem  that  there  are  also  in  some 
places  intermediate  currents ;  but  with  reference  to 
their  limits  and  distribution  we  have  as  yet  no  data. 
That  a  cold  flow  from  the  polar  seas  passes  over  the 
bottom  seems  to  be  proved  by  the  fact  that  in  all 
parts  of  the  world  wherever  deep  temperature  sound- 
ings have  been  taken,  from  the  arctic  circle  to  the 
equator,  the  temperature  sinks  with  increasing  depth, 
and  is  lower  at  the  bottom  than  the  normal  tempera- 
ture of  the  crust  of  the  earth;  an  evidence  that  a 
constantly  renewed  supply  of  cold  water  is  cooling 
down  the  surface  of  the  crust,  which,  being  a  bad  con- 
ductor, does  not  transmit  heat  with  sufficient  rapidity 
to  affect  perceptibly  the  temperature  of  the  cold  in- 
draught. It  is  probable  that  in  winter,  in  those  parts 
of  the  arctic  sea  Avhich  are  not  directly  influenced  by 
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the  northern  extension  of  the  gulf  stream,  the  whole 
column  of  water  from  the  surface  to  the  bottom  is 
reduced  to  the  lowest  temperature  which  it  will  bear 
without  freezing,  and  is  thus  an  ample  source  of  the 
coldest  water  of  the  highest  specific  gravity. 

The  proof  that  the  flow  of  the  cold  indraught  is 
almost  secular  in  its  slowTiess,  is  that  over  a  large 
portion  of  the  ocean  where  the  low  bottom  tempera- 
ture is  known  to  prevail,  the  sea-bed  is  covered  with 
a  light  fleecy  deposit  of  microscopic  organisms  of 
great  delicacy,  into  which  the  sounding-lead  has  in 
some  instances  sunk  several  feet,  and  which  must 
inevitably  be  drifted  away  by  a  current  of  appreciable 
velocity.  In  all  places  Avhere  any  perceptible  current 
exists,  the  bottom  consists  of  sand  or  mud  or  gravel 
and  rolled  pebbles.  In  some  cases  also,  sounding  in 
the  deep  water  of  the  mid-Atlantic,  the  line,  after 
running  out  greatly  in  excess  of  the  depth,  has  been 
found  to  have  coiled  itself  in  a  tangled  mass  right 
over  the  lead — a  proof  of  almost  absolute  stillness. 

In  some  places,  owing  to  the  conformation  of  the 
neighbouring  land  or  of  the  sea-bottom,  warm  and 
cold  currents  are  circumscribed  and  localized,  and  this 
sometimes  gives  us  the  singular  phenomenon  of  a 
patch  or  stripe  of  warm  and  a  patch  of  cold  sea  meet- 
ing in  an  invisible  but  very  definite  line.  There  is  a 
curious  instance  of  this  in  the  *  cold  wall '  which 
defines  the  western  border  of  the  gulf  stream  along 
the  coast  of  Massachusetts,  and  another  scarcely  less 
marked  Avhich  we  discovered  during  the  trial  cruise 
of  the  *  Lightning '  has  been  fully  described  by  Dr. 
Carpenter  in  his  report  of  that  cruise,  and  Avill  be 
referred  to  hereafter. 
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In  moderate  depths  sometimes  the  whole  mass  of 
water  from  the  surface  to  the  bottom  is  abnormally 
warm,  owing  to  the  movement  in  a  certain  direction 
of  a  great  body  of  warm  water,  as  in  the  ^  warm  area ' 
to  the  north-west  of  the  Hebrides ;  and  sometimes  the 
whole  body  of  water  is  abnormally  cold,  as  in  the 
*  cold  area '  between  Scotland  and  Faeroe,  and  in  the 
northern  part  of  the  German  Ocean.  In  deep  water 
however,  after  the  first  few  hundred  fathoms,  the 
thermometer  usually  sinks  gradually  and  very  slowly 
till  it  reaches  its  minimum  at  the  bottom,  a  little 
above  or  below  the  zero  of  the  centigrade  scale. 

The  temperature  of  the  sea  apparently  never  sinks 
at  any  depth  below— S^'S  C,  a  degree  of  cold  which, 
singularly  enough,  is  not  inconsistent  with  abundant 
and  vigorous  animal  life,  so  that  in  the  ocean,  except 
perhaps  within  the  eternal  ice-barrier  of  the  antarctic 
pole,  life  seems  nowhere  to  be  limited  by  cold.  But 
although  certain  sea-animals — many  of  them,  such  as 
the  siphonophora,  the  salpae,  and  the  ctenophorous 
medusae,  of  the  most  delicate  and  complicated  organiza- 
tion— are  tolerant  of  such  severe  cold,  it  would  appear 
to  be  temperature  almost  entirely  which  regulates  the 
distribution  of  species.  The  nature  of  the  ground 
can  have  little  to  say  to  it,  for  on  every  line  of  coast 
of  any  extent  almost  every  condition  and  every  kind 
of  sediment  is  usually  represented.  From  their  inha- 
biting a  medium  which  diifers  but  little  in  M^eight 
from  the  substance  of  their  bodies,  and  from  the  great 
majority  of  them  producing  free-moving  larvae  or  fry 
in  vast  numbers  which  are  floated  along  from  place 
to  place  by  currents,  marine  animals  w^ould  seem  to 
have  every  possible  chance  of  extending  their  area. 
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and  yet  the  geographical  distribution  of  most  of  the 
shallow- water  species  is  well  defined,  and  frequently 
somewhat  restricted.  Unfortunately  we  know  as  yet 
very  little  about  the  general  distribution  of  marine 
animals.  Except  along  the  coasts  of  Britain  and 
Scandinavia,  a  part  of  the  North  American  coast,  and 
a  part  of  the  Mediterranean,  we  know  absolutely 
nothing  beyond  the  shore  zone,  or  at  all  events  beyond 
10  or  15  fathoms.  What  little  we  do  know  is  con- 
fined almost  entirely  to  the  moUusca,  and  is  due,  not 
so  much  to  scientific  research  as  to  the  commercial 
value  which  the  acquisitive  zeal  of  conchologists  has 
placed  upon  rare  shells.  It  may  be  supposed,  how- 
ever, that  the  same  laws  which  regulate  the  distri- 
bution of  littoral  and  sub-littoral  mollusca,  affect  in 
like  manner  that  of  shallow-water  annulosa,  echino- 
derms,  and  cedent  crates ;  indeed,  from  the  scattered 
observations  which  have  been  made  on  the  distribu- 
tion of  these  latter  groups,  it  seems  certain  that  such 
is  the  case. 

Woodward^  regarded  the  marine  mollusca  as  occupy- 
ing eighteen  well-defined  *  provinces,'  fulfilling  more 
or  less  completely  the  condition  of  having  at  least  one- 
half  of  the  species  peculiar  to  the  province.  Edward 
Eorbes  defined  twenty-five  such  'regions;'  but  it  must 
be  remembered  that  in  both  cases  at  least  three- fourths 
of  the  number  of  areas  defined  were  based  upon  the 
most  imperfect  knowledge  of  the  larger  and  more  con- 
spicuous shore  shells  only.  It  has  been  constantly 
observed  in  the  few  cases  confined  entirely  to  the 
shores  of  the  North  Atlantic  and  the  Mediterranean, 

^  A  MaDual  of  the  Mollusca.    By  S.  P.  Woodward.    Loudon,  1851. 
P.  354. 
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in  Avhich  dredging  has  been  attempted  at  any  consider- 
able depth,  say  30  or  40  fathoms,  that  the  number  of 
species  common  to  the  province  dredged  and  to  the 
province  to  the  north  of  it,  is  greatly  increased 
by  the  investigation  being  carried  into  a  deeper  zone.* 
Thus  in  the  lusitanian  province  Mr.  McAndrew 
dredged  off  the  coast  of  Galicia  and  Asturias,  212 
species,  60  per  cent,  of  which  were  common  to  the 
coast  of  Norway ;  and  off  the  south  of  Spain  335 
species  were  obtained,  of  which  28  per  cent,  were 
common  to  Norway  (boreal  province),  and  51  per 
cent,  to  Britain  (chiefly  Celtic  province).  The  shells 
common  to  the  two  or  three  provinces  were  chiefly 
those  dredged  from  considerable  depths.  The  littoral 
forms  had  a  much  more  distinct  aspect.  The  mollusca 
of  the  '  Porcupine '  expedition  have  not  yet  been 
thoroughly  worked  out.  They  are  in  the  hands  of 
Mr.  Gwyn  Jeffreys,  and  his  preliminary  reports  give  a 
most  interesting  forecast  of  what  we  may  expect  when 
his  labour  is  completed.  He  announces  something 
like  250  new  species.  Some  of  the  more  interesting 
of  these,  and  the  general  phenomena  of  their  distri- 
bution, will  be  referred  to  in  a  future  chapter. 

The  echinoderms  of  the  expedition  are  more  limited 
in  number,  and  have  already  been  examined  by  the 
writer  with  some  care.  The  general  distribution  of 
the  Echinodermata  is  not  so  well  known  as  that  of  the 
Mollusca.  There  are  many  littoral  and  sub-littoral 
species.  Many  of  these  are  local,  but  many  have  a 
wide  geographical  distribution,  usually  along  what 
EdAvard  Forbes  calls  a  'homoiozoic  belt,'  a  belt  of 
nearly    similar  circumstances   of  climate   extending 

^  Woodward,  loc.  cit.  p.  362. 
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through  many  degrees  of  longitude,  but  few  of  latitude. 
As  a  class,  hoAvever,  they  prefer  a  depth  rather  beyond 
20  fathoms,^  beyond  the  reach  of  very  violent  climatic 
vicissitudes.  They  are  conspicuous  things,  showing 
usually  sufficiently  bold  specific  characters,  and  thus 
they  are  less  liable  to  confusion  than  most  other  groups. 
They  involve  in  their  history  and  economy  several  of 
the  principal  questions  discussed  in  this  volume ;  while 
giving,  therefore,  such  a  brief  sketch  as  the  space  at 
my  disposal  and  the  amount  of  my  present  informa- 
tion may  permit,  of  the  additions  which  have  been 
made  during  our  dredging  cruises  to  the  knowledge 
of  the  other  invertebrate  classes,  I  will  use  the  echi- 
noderms  and  the  protozoa  principally  for  the  purpose 
of  general  illustration. 

Littoral  and  shallow-water  species  of  animals  must 
be  much  more  liable  to  have  their  migrations  inter- 
rupted by  *  natural  barriers/  such  as  deep  water 
through  which  they  cannot  pass,  or  currents  of 
warmer  or  of  colder  water;  they  must  likewise  be 
much  more  affected  by  local  circumstances,  such  as 
extreme  differences  between  summer  and  winter  tem- 
perature ;  so  that  they  might  be  expected  to  be  more 
circumscribed  and  local  in  their  distribution  than  the 
denizens  of  greater  depths — and  they  certainly  are  so. 
The  conditions  of  the  bottom  in  the  zone  from  20  to 
50  fathoms  are  much  more  equable  than  near  the 
surface.  Direct  solar  radiation  in  temperate  regions 
affects  this  zone  very  slightly,  so  that  it  probably 

*  Distribution  of  Marine  Life.  By  Professor  Edward  Forbes,  F.R  S., 
President  of  tbe  Geological  Society.  (From  tbe  Physical  Atlas  of 
Natural  Phenomena,  by  Alexander  Keith  Johnston,  F.R  G.S.,  (SL'c. 
Edinburgh,  1854.) 
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maintains  nearly  the  same  conditions  of  temperature 
througli  many  degrees  of  latitude;  and  when  as  it 
passes  southwards  it  does  become  gradually  affected 
by  increasing  warmth,  it  may  be  supposed  merely  to 
sink  a  few  fathoms  deeper,  carrying  its  conditions  and 
its  fauna  along  with  it.  For  example,  animal  forms 
which  abound  in  the  Celtic  province  at  26  fathoms 
with  a  mean  temperature  of  lO""  C,  may  be  expected  in 
greatest  number  in  perhaps  40  or  60  fathoms,  with 
the  same  temperature,  in  the  lusitanian  province. 
Such  a  zone  may  thus  be  continuous  for  a  great  dis- 
tance, Avhile  the  surface  climate  has  been  altering 
greatly,  and  the  migrations  of  littoral  forms  have 
been  again  and  again  interrupted.  But  the  deeper 
zone  also  sometimes  meets  with  a  *  natural  barrier,' 
as  at  the  line  of  junction  between  the  warm  and  cold 
areas  already  mentioned;  which  causes  a  curious  sift- 
ing out  of  those  species  which  are  intolerant  of  a 
change  of  temperature.  Thus  the  fauna  of  the  tem- 
perate northward  flow  of  water  off  the  west  coast  of 
Scotland  is  materially  different  from  that  of  the  cold 
indraught  along  the  east  coast. 

If  there  be  this  overlapping  betAveen  the  lusitanian 
and  Celtic  provhices,  the  same  relation  may  be  antici- 
pated between  our  own  and  the  boreal  province ;  and 
it  is  well  known  that  this  is  the  case,  for  the  great 
majority  of  the  moUusca  which  have  been  dredged  by 
Mc Andrew,  Barlee,  and  especially  by  Gwyn  Jeffreys, 
from  depths  below  50  fathoms,  are  identical  with  those 
foimd  in  shallower  water  on  the  Scandinavian  coast. 
Our  recent  work,  Mobile  it  has  brought  out  more  fully 
the  overlapping,  has  gone  much  farther  towards  the 
indication  of  a  general  law. 
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It  seems  probable  that  the  distribution  of  marine 
animals  is  determined  by  the  extremes  of  temperature 
rather  than  by  the  means.  The  mean  winter  tempera- 
ture of  the  surface  and  of  moderate  depths  off  the 
north  coast  of  Norway  is  about  2°  C,  and  the  extreme 
about  0"*  C. ;  and  on  the  coast  of  Greenland  the  mean 
sinks  to  — 1°  C,  and  the  extreme  to  — 3°  C. 

The  temperature  of  the  trough  between  Scotland 
and  Faferoe  at  the  depth  of  500  fathoms  is  from  O''  to 
—1°  C,  and  we  find  in  that  trough,  along  with  many 
undescribed  forms  which  are  special  to  very  deep 
water,  every  one  of  the  echinoderms  hitherto  found 
on  the  coast  of  Scandinavia  and  Greenland,  with  the 
single  exception,  I  believe,  of  Ophioglypha  stuicitzii,  a 
shallow-water  Greenland  form  among  the  ophiurids, 
and  of  one  or  two  holothurids  which  have  as  yet 
evaded  us. 

The  temperature  of  the  telegraphic  plateau  at  1,000 
to  2,000  fathoms  is  apparently  usually  from  3°  to  2°  C, 
and  at  2,600  fathoms  in  the  Bay  of  Biscay  it  is  2°  C. 
From  800  to  2,000  fathoms  all  along  the  west  coasts 
of  Scotland,  Ireland,  and  France,  we  have  dredged 
Scandinavian  echinoderms  in  abundance,  and  from 
the  deep  water  as  far  south  as  the  coast  of  Portugal 
I  have  received  examples  of  some  of  the  best  marked 
northern  forms,  such  as  Echinus  elegans^  D.  and  K. ; 
Toxopnevstea  drobachiensis,  O.  F.  Mijller  ;  £ris8opsis 
lyriferaj  Forbes  ;  Tripylus  fragilis^  D.  and  K. ;  the 
magnificent  Brisinga  coronata^  G.  O.  Sars  (Fig.  7), 
and  B.  endecacnemoSj  Absjornsen;  Pteraster  mili- 
tarisy  M.  and  T. ;  Ophiacantha  spinulosay  M.  and  T.; 
OpJuocteti  sericeunif  Forbes;  Ophioglypha  sarsiiy 
LijTK. ;   Asteronyx  loveniy  M.  and  T. ;   and  Astero- 


44  THE  DEPTHS  OF  THE  SEA.  [chap.  i. 

phyton  linckiiy  M.  and  T ,  from  Mr.  Gwyn  Jeffreys' 
dredgings  in  1870.  Deep-sea  forms  dredged  round 
our  coast  identical  with  northern  species  have  been 
usually  regarded  as  '  boreal  outliers '  (Forbes),  or  at 
all  events  as  species  which  have  extended  their  dis- 
tribution from  northern  centres.  This  idea  probably 
arose  in  a  great  measure  from  their  having  been 
discovered  and  first  described  in  Scandinavia.  We 
actually  know  nothing  about  their  centres  of  distri- 
bution ;  all  Ave  know  of  them  is  that  they  are  the  in- 
habitants of  an  enormously  extended  zone  of  special 
thermal  conditions,  which  *  crops  out,'  as  it  were,  or 
rather  comes  within  range  of  the  ordinary  means  of 
observation,  off  the  coasts  of  Scandinavia. 

Edward  Porbes  pointed  out  long  ago  the  kind  of  in- 
verted analogy  which  exists  between  the  distribution  of 
land  animals  and  plants  and  that  of  the  fauna  and  flora 
of  the  sea.  In  the  case  of  the  land,  while  at  the  level 
of  the  sea  there  is,  in  temperate  and  tropical  regions,  a 
luxuriant  vegetation  with  a  correspondingly  numerous 
fauna,  as  we  ascend  the  slope  of  a  mountain  range 
the  conditions  gradually  become  more  severe ;  species 
after  species  belonging  to  the  more  fortunate  plains 
beneath  disappear,  and  are  replaced  by  others  whose 
representatives  are  only  to  be  found  on  other  moun- 
tain ridges,  or  on  the  shores  of  an  arctic  sea.  In  the 
ocean,  on  the  other  hand,  there  is  along  the  shore  line 
and  within  the  first  few  fathoms,  a  rich  and  varied 
flora  and  fauna,  which  participates  and  sympathises 
in  all  the  circumstances  of  climate  which  aflect  the 
inhabitants  of  the  land.  As  we  descend,  the  condi- 
tions gradually  become  more  rigorous,  the  tempera- 
ture falls,  and  alterations  of  temperature  are  less  felt. 
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The  fauna  becomes  more  uniform  over  a  larger  area, 
and  is  manifestly  one  of  which  the  shallower  water 
fauna  of  some  colder  region  is  to  a  great  extent  a 
lateral  extension.  Going  still  deeper,  the  severity  of 
the  cold  increases  until  we  reach  the  vast  undulating 
plains  and  valleys  at  the  bottom  of  the  sea,  with  their 
fauna  partly  peculiar  and  partly  polar — a  region  the 
extension  of  whose  extreme  thermal  conditions  only 
approaches  the  surface  within  the  arctic  and  antarctic 
circles. 

"We  have  as  yet  very  little  exact  knowledge  as  to 
the  distance  to  which  the  sun's  light  penetrates  into 
the  water  of  the  sea.  According  to  some  recent 
experiments  which  will  be  referred  to  in  a  future 
chapter,  it  would  appear  that  the  rays  capable  of 
affecting  a  delicate  photographic  film  are  very  rapidly 
cut  off,  their  effect  being  imperceptible  at  the  depth 
of  only  a  few  fathoms.  It  is  probable  that  some 
portions  of  the  sun's  light  possessing  certain  pro- 
perties may  penetrate  to  a  much  greater  distance,  but 
it  must  be  remembered  that  even  the  clearest  sea- water 
is  more  or  less  tinted  by  suspended  opaque  particles 
and  floating  organisms,  so  that  the  light  has  more 
than  a  pure  saline  solution  to  contend  with.  At  all 
events  it  is  certain  that  beyond  the  first  50  fathoms 
plants  are  barely  represented,  and  after  200  fathoms 
they  are  entirely  absent.  The  question  of  the  mode 
of  nutrition  of  animals  at  great  depths  becomes,  there- 
fore, a  very  singular  one.  The  practical  distinction 
between  plants  and  animals  is,  that  plants  prepare 
the  food  of  animals  by  decomposing  certain  inorganic 
substances  which  animals  cannot  use  as  food,  and 
recombining  their  elements  into  organic  compounds 
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upon  which  animals  can  feed.  This  process  is,  how- 
ever, so  far  as  we  are  at  present  aware,  constantly 
effected  under  the  influence  of  light.  There  seems 
to  be  little  or  no  light  at  the  bottom  of  the  sea, 
and  there  are  certainly  no  plants  except  such  as 
may  sink  from  the  surface,  but  the  bottom  of  the 
sea  is  a  mass  of  animal  life.  At  first  sight  it 
certainly  seems  difficult  to  account  for  the  main- 
tenance of  this  vast  animal  population  living  with- 
out any  visible  means  of  support.  Two  explanations 
have  been  suggested.  It  is  conceivable  that  certain 
animal  forms  may  have  the  power  of  decomposing 
water,  carbon  dioxide,  and  ammonia,  and  re-com- 
bining their  elements  into  organic  compounds  without 
the  agency  of  light.  Dr.  Wallich  supports  this  view, 
and  in  doing  so  he  states  that  "  No  exceptional  law 
is  invoked,  but,  on  the  contrary,  that  the  proof  of 
these  organisms  being  endowed  with  the  power  to 
convert  inorganic  elements  for  their  own  nutrition 
rests,  on  the  undisputed  power  which  they  possess 
of  separating  carbonate  of  lime  or  silica  from  waters 
holding  these  substances  in  solution."  ^  This,  how- 
ever, seems  scarcely  satisfactory.  All  the  substances 
employed  in  the  nutrition  of  animals  are  offered  to 
them  finally  in  solution  in  water,  and  the  abstraction 
of  these  from  their  watery  solutions  cannot  be  re- 
garded as  a  ^chemical  separation/  The  broad  dis- 
tinction still  remains,  that  when  carbon  dioxide  in 
solution  is  presented  to  a  green  plant  in  the  sun- 
shine it  can  decompose  it,  while  an  animal  cannot. 

I  believe   we  have   a   simpler    explanation.     All 
sea-water    contains   a   certain    quantity  of  organic 

^  North  Atlantic  Sea-bed,  p.  131. 
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matter,  in  solution  and  in  suspension.  Its  sources 
are  obvious.  All  rivers  contain  a  considerable  quan- 
tity. Every  shore  is  surrounded  by  a  fringe  which 
averages  a  mile  in  width,  of  olive  and  red  sea- 
weed. In  the  middle  of  the  Atlantic  there  is  a 
marine  prairie,  the  ^  Sargasso  sea,'  extending  over 
three  millions  of  square  miles.  The  sea  is  full  of 
animals,  which  are  constantly  dying  and  decay- 
ing. The  amount  of  organic  matter  derived  from 
these  and  other  sources  by  the  water  of  the  ocean 
is  very  appreciable.  Careful  analyses  of  the  water 
were  made  during  the  several  cruises  of  the  *  Porcu- 
pine '  to  detect  it  and  to  determine  its  amount, 
and  the  quantity  everyAvhere  was  capable  of  being 
rendered  manifest  and  estimated,  and  the  propor- 
tion was  found  to  be  very  uniform  in  all  localities 
and  at  all  depths.  Nearly  all  the  animals  at  extreme 
depths — practically  all  the  animals,  for  the  small  num- 
ber of  higher  forms  feed  upon  these — belong  to  one 
sub-kingdom,  the  Protozoa ;  whose  distinctive  charac- 
ter is  that  they  have  no  special  organs  of  nutrition, 
but  absorb  nourishment  through  the  whole  surface 
of  their  jelly-like  bodies.  Most  of  these  animals 
secrete  exquisitely  formed  skeletons,  some  of  silica, 
some  of  carbonate  of  lime.  There  is  no  doubt  that 
they  extract  both  these  substances  from  the  sea- 
water;  and  it  seems  more  than  probable  that  the 
organic  matter  which  forms  their  soft  parts  is 
derived  from  the  same  source.  It  is  thus  quite 
intelligible  that  a  world  of  animals  may  live  in 
these  dark  abysses,  but  it  is  a  necessary  condition 
that  they  must  chiefly  belong  to  a  class  capable  of 
being  supported  by  absorption  tlirough  the  surface 
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of  their  bodies  of  matter  in  solution,  developing 
but  little  heat,  and  incurring  a  very  small  amount 
of  waste  by  any  manifestation  of  vital  activity. 
Accordinj;  to  this  view  it  seems  probable  that  at 
all  periods  of  the  earth's  history  some  form  of 
the  Protozoa — rhlzopods,  sponges,  or  both — predomi- 
nated greatly  over  all  other  forms  of  animal  life 
in  the  depths  of  the  warmer  regions  of  the  sea. 
The  rhizopods,  like  the  corals  of  a  shallower  zone, 
form  huge  accumulations  of  carbonate  of  lime,  and  it 
is  probably  to  their  agency  that  we  must  refer  most 
of  those  great  bands  of  limestone  which  have  resisted 
time  and  change,  and  come  in  here  and  there  with 
their  rich  imbedded  lettering  to  mark  like  milestones 
the  progress  of  the  passing  ages. 


CHAPTER   II. 

THE   CRUISE   OF   THE   *  LIGHTNING.' 

Proposal  to  investigate  the  Conditions  of  the  Bottom  of  the  Sea. — 
Suggestions  and  Anticipations.  —  Correspondence  between  the 
Council  of  the  Royal  Society  and  the  Admiralty. — Departure 
from  Stornoway. — The  Fneroe  Islands. — Singular  Temperature 
Results  in  the  Fa>roe  Channel. — Life  abundant  at  all  Depths. — 
Brldnga  coronnta, — HoUenxa  carpenteri, — General  Results  of  the 
Expedition. 

Appendix  A- — Particulars  of  Depth,  Temperature,  and  Position  at 
the  yarious  Dredging  Stations  of  H.M.S.  '  Lightning/  in  tlie 
Summer  of  1868 ;  the  Temperatures  corrected  for  Pressure. 

\*  The  bracketed  numbers  to  the  woodcuts  in  this  chapter  refer  (o  the  dredging 

stations  on  Plate  I. 

In  the  spring  of  the  year  1868,  my  friend  Dr.  W. 
B.  Carpenter,  at  that  time  one  of  the  Vice-Presidents 
of  the  Royal  Society,  was  with  me  in  Ireland,  where 
we  were  working  out  together  the  structure  and 
development  of  the  Crinoids.  I  had  long  previously 
had  a  profound  conviction  that  the  land  of  promise 
for  the  naturalist,  the  only  remaining  region  where 
there  were  endless  novelties  of  extraordinary  interest 
ready  to  the  hand  which  had  the  means  of  gathering 
them,  was  the  hottom  of  the  deep  sea.  I  had  even 
had  a  glimpse  of  some  of  these  treasures,  for  I  had 
seen  the  year  hefore,  with  Professor  Sars,  the  forms 
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which  I  have  already  mentioned  dredged  by  his  son  at 
a  depth  of  300  to  400  fathoms  oflF  the  LoflFoten  islands. 
I  propounded  my  views  to  my  fellow-labourer,  and 
we  discussed  the  subject  many  times  over  our  micro- 
scopes.    I  strongly  urged  Dr.  Carpenter  to  use  his 
influence  at  head-quarters  to  induce  the  Admiralty, 
probably  through  the  CouncU  of  the  Royal  Society, 
to   give  us  the  use  of  a  vessel  properly  fitted  with 
dredging  gear  and  all  necessary  scientific  o^pparatus, 
that  many  heavy  questions  as  to  the  state  of  things 
in  the  depths  of  the  ocean  which  were  still  in  a  state 
of  uncertainty,  might  be  definitely  settled.     After  full 
consideration.  Dr.  Carpenter  promised  his  hearty  co- 
operation, and  we  agreed  that  I  should  write  to  him 
on  his  return  to  London,  indicating  generally  the 
results  which  I  anticipated,  and  sketching  out  what 
I  conceived  to  be  a  promising  line  of  inquiry.     The 
Council  of  the  Royal  Society  warmly  supported  the 
proposal ;   and  I  give  here  in  chronological  order  the 
short  and  eminently  satisfactory  correspondence  which 
led  to  the  Admiralty  placing  at  the  disposal  of  Dr. 
Carpenter  and  myself  the  gunboat  *  Lightning '  under 
the  command  of  StaflF- Commander  May,  R.N.,  in  the 
summer  of  1868,  for  a  trial  cruise  to  the  north  of 
Scotland,  and  afterwards  to  the  much  wider  surveys 
inH.M.S.  *  Porcupine,'  Captain  Calver,  R.N.,  which 
were  made  with  the  additional  association  of  Mr.  Gwyn 
JeflFreys  in  the  summers  of  the  years  1869  and  1870. 

From  Prof.  Wyville  Thomson,  Belfast,  to  Dr.  Carpenter,  V,P,B.S, 

May  30,  1868. 

aiY  DEAR  Carpenter, — When  I  last  saw  you,  I  suggested  how 
very  important  it  would  be  to  the  advancement  of  science  to 
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detennine  with  accuracy  the  conditions  and  distribution  of 
Animal  Life  at  great  depths  in  the  ocean ;  I  now  resume  the 
facts  and  considerations  which  lead  me  to  believe  that  researches 
in  this  direction  promise  valuable  results. 

All  recent  observations  tend  to  negative  Edward  Forbes's 
opinion  that  a  zero  of  animal  life  was  to  be  reached  at  a  depth 
of  a  few  hundred  fathoms.  Two  years  ago,  M.  Sars,  Swedish 
Government  Inspector  of  Fisheries,  had  an  opportunity  in  his 
official  capacity  of  dredging  off  the  Lofifoten  Islands  at  a  depth 
of  300  fathoms.  I  visited  Norway  shortly  after  his  return,  and 
had  an  opportunity  of  studying  with  hia  father.  Prof.  Sars,  some 
of  his  results.  Animal  forms  were  abundant ;  many  of  them 
were  new  to  science ;  and  among  them  was  one  of  surpassing 
interest,  the  small  Crinoid  of  which  you  have  a  specimen,  and 
which  we  at  once  recognized  as  a  degraded  type  of  the  Apio- 
CRiNlD-fi,  an  order  hitherto  regarded  as  extinct,  which  attained 
its  maximum  in  the  Pear-encrinites  of  the  Jurassic  period,  and 
whose  latest  representative  hitherto  known  was  the  Bmirguetti- 
crimes  of  the  Chalk.  Some  years  previously,  M.  Absjornsen, 
dredging  in  200  fathoms  in  the  Hardangerfjord,  procured  several 
examples  of  a  Starfish  (Brisinga)  which  seems  to  find  its  nearest 
ally  in  the  fossil  genus  Protader.  These  observations  place  it 
beyond  a  doubt  that  animal  life  is  abundant  in  the  ocean  at 
depths  varying  from  200  to  300  fathoms,  that  the  forms  at  these 
great  depths  differ  greatly  from  those  met  with  in  ordinary 
dredgings,  and  that,  at  all  events  in  some  cases,  these  animals  are 
closely  allied  to,  and  would  seem  to  be  directly  descended  from, 
the  fauna  of  the  early  Tertiaries. 

I  think  the  latter  result  might  almost  have  been  anticipated ; 
and  probably  further  investigation  will  add  largely  to  this  class 
of  data,  and  will  give  us  an  opportunity  of  testing  our  deter- 
mination of  the  zoological  position  of  some  fossil  types  by  an 
examination  of  the  soft  parts  of  their  recent  representatives. 
The  main  cause  of  the  destruction,  the  migration,  and  the  extreme 
modification  of  Animal  types,  appears  to  be  change  of  climate, 
chiefly  depending  upon  oscillations  of  the  earth's  crust.  These 
oscillations  do  not  appear  to  have  ranged,  in  the  northern  portion 
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of  the  Northern  Hemisphere,  much  l^eyond  1,000  feet  since  the 
commencement  of  the  Tertiary  epoch.  The  temperature  of  deep 
water  seems  to  be  constant  for  all  latitudes  .at  39° ;  so  that  an 
immense  area  of  the  North  Atlantic  must  have  had  its  conditions 
unaffected  by  Tertiary  or  Post-tertiary  oscillations. 

One  or  two  other  questions  of  the  highest  scientific  interest 
are  to  be  solved  by  the  proposed  investigations : — 

Ist.  The  effect  of  pressure  upon  animal  life  at  great  depths. 
There  is  great  misapprehension  on  this  point  Probably  a  per- 
fectly equal  pressure  to  any  amount  would  have  little  or  no 
eflfect.  Air  being  highly  compressible,  and  water  compressible 
only  to  a  very  slight  degree,  it  is  probable  that  under  a  pressure 
of  200  atmospheres,  water  may  be  even  more  aerated,  and  in 
that  respect  more  capable  of  supporting  life,  than  at  the  surface. 

2nd.  The  ef!'ect  of  the  great  diminution  of  the  stimulus  of 
Light.  From  the  condition  of  the  Cave  Fauna,  this  latter  agent 
probably  affects  only  the  development  of  colour  and  of  the 
organs  of  sight. 

I  have  little  doubt  that  it  is  quite  practicable,  with  a  small 
heavy  dredge,  and  a  couple  of  miles  of  stout  Manilla  rope,  to 
dredge  at  a  depth  of  1,000  fathoms.  Such  an  undertaking 
would,  however,  owing  to  the  distance  and  the  labour  involved, 
be  quit«  beyond  the  reach  of  private  enterprise.  What  I  am 
therefore  anxious  for  is,  that  the  Admiralty  may  be  induced, 
perhaps  at  the  instance  of  the  Council  of  the  Royal  Society,  to 
send  a  vessel  (such  as  one  of  those  which  accompanied  the  Cable 
Expedition  to  take  soundings)  to  carry  out  the  research.  I 
should  be  ready  to  go  any  time  after  July  ;  and  if  you  would  take 
part  in  the  investigation,  I  cannot  but  believe  that  it  would  give 
good  results. 

I  would  propose  to  start  from  Aberdeen,  and  to  go  first  to  the 
Rockall  fishing-banks,  where  the  depth  is  moderate,  and  thence 
north-westward,  towards  the  coast  of  Greenland,  rather  to  the 
north  of  Cape  Farewell  We  should  thus  keep  pretty  nearly 
along  the  isotherm  of  39*^,  shortly  reaching  1,000  fathoms  depth, 
where,  allowing  1,000  feet  for  oscillations  in  level,  and  1,000  feet 
for  influence  of  surface-current*,  summer  heat,  &c.,  we  should 
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still  have  4,000  feet  of  water  whose  conditions  haVe  probably  not 
varied  greatly  since  the  commencement  of  the  Eocene  epoch. 

Yom^s  most  truly, 

WvviLLE  Thomson. 

From  Dr,  Carpenter,  V.F.M.S.,  to  the  President  of  the  Hoyal  Society. 

Univeiusity  of  London,  Burlington  lioutiE,  W. 

J^inc  ISth,  1868. 

Deak  General  S.vbine, — During  a  recent  visit  to  Belfast.  I 
had  the  opportunity  of  examinhig  some  of  the  specimens 
(transmitted  by  Prof.  Sars  of  Christ iania  to  Prof.  Wyville 
Thomson)  which  have  been  obtained  by  IVI.  Sars,  jun.,  Inspector 
of  Fisheries  to  the  Swedish  Government,  by  deep-sea  dredgings 
off'  the  coast  of  Norway.  These  specimens,  for  reasons  stated  in 
tlie  enclosed  letter  from  Prof.  Wyville  Thomson,  are  of  singular 
interest  alike  to  the  zoologist  and  to  the  palaeontologist ;  and  the 
discovery  of  them  can  scarcely  fail  to  excite,  both  among  natu- 
ralist-s  and  among  geologists,  a  very  strong  desire  that  the  zoology 
of  the  deep  sea,  especially  in  the  Northern  Atlantic  region,  should 
be  more  thoroughly  and  systematically  explored  than  it  has 
ever  yet  been.  From  what  I  know  of  your  own  early  labours  in 
this  field,  I  cannot  entertain  a  doubt  of  your  full  concuiTence  iu 
this  desire. 

Such  an  exploration  cannot  be  undertaken  by  private  indi- 
viduals, even  when  aided  by  grants  from  Scientific  Societies. 
For  dredging  at  great  depths,  a  vessel  of  considerable  size  is 
requisite,  with  a  trained  crew,  such  as  is  only  to  be  found  in  the 
Government  service.  It  was  by  the  aid  of  such  an  equipment, 
furnished  by  the  Swedish  Government,  that  the  researches  of 
M.  Sars  were  carried  on. 

Now,  as  there  are  undei*stood  to  be  at  the  present  time  an 
inmsual  number  of  gun-boats  and  other  cruisers  on  our  northern 
and  western  coasts,  which  will  probably  remain  on  their  stations 
until  the  end  of  the  season,  it  has  occurred  to  Prof  Wyville 
Thomson  and  myself,  that  the  Admiralty,  if  moved  thereto  by 
the  Council  of  the  Koyal  Society,  might  be  induced  to  place  one 
of  these  vessels  at  the  disposal  of  ourselves  and  of  any  other 
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naturalists  who  might  be  willing  to  accompany  us,  for  the 
purpose  of  caixying  on  a  systematic  course  of  deep-sea  dredging 
for  a  month  or  six  weeks  of  the  present  summer,  commencing 
early  in  August. 

Though  we  desire  that  this  inquiry  should  be  extended  both 
in  geographical  range  and  in  depth  as  far  as  is  proposed  in  Prof. 
Wyville  Thomson's  letter,  we  think  it  preferable  to  limit  our- 
selves on  the  present  occasion  to  a  request  wliich  will  not,  we 
believe,  involve  the  extra  expense  of  sending  out  a  coaling- 
vessel.  We  should  propose  to  make  Kirkwall  or  Lerwick  our 
port  of  departure,  to  explore  the  sea-bottom  between  the  Shetland 
and  the  Fierce  Islands,  dredging  around  the  shores  and  in  the 
fiords  of  the  latter  (which  have  not  yet,  we  believe,  been 
scientifically  examined),  and  then  to  proceed  as  far  north-west 
into  the  deep  water  between  the  Fturoe  Islands  and  Iceland  as 
may  be  found  practicable. 

It  would  be  desirable  that  the  vessel  provided  for  such 
a  service  should  be  one  capable  of  making  way  under  canvas 
as  well  as  by  steam-power ;  but  as  our  operations  must  neces- 
sarily be  slow,  speed  would  not  be  required.  Considerable 
labour  would  be  spared  to  the  crew  if  the  vessel  be  provided 
with  a  'donkey-engine'  that  could  be  used  for  pulling  up  the 
dredge. 

If  the  Council  of  the  Royal  Society  should  deem  it  expedient 
to  prefer  this  request  to  the  Admiralty,  I  trust  that  they  may 
further  be  willing  to  place  at  the  disposal  of  Prof.  Wyville 
Thomson  and  myself,  either  from  the  Donation  Fund  or  the 
Government-Grant  Fund,  a  sum  of  £100  for  the  expenses  we 
must  incur  in  providing  an  ample  supply  of  spirit  and  of  jars 
for  the  preservation  of  specimens,  with  other  scientific  appliances. 
We  would  undertake  that  the  choicest  of  such  specimens  should 
be  deposited  in  the  British  Museum. 

I  shall  be  obliged  by  your  bringing  this  subject  before  the 
Council  of  the  lioyal  Society,  and  remain. 

Dear  General  Sabine,  yours  faithfully, 

WiijiiAM  B.  Carpenter. 

The  Proiidmi  of  the  JRoyal  Sociein. 
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From  the  Minutes  of  the  Council  of  the  Royal  Society, 

June  18.  1868. 

These  letters  having  been  considered,  it  was  resolved, — "  That 
the  proposal  of  Drs.  Carpenter  and  Wyville  Thomson  be  ap- 
proved, and  recommended  to  the  favourable  consideration  of  the 
authorities  of  the  Admiralty ;  and  that  a  sum,  of  not  exceeding 
£100,  be  advanced  from  the  Donation  Fund  to  meet  the  expenses 
referred  to  in  Dr.  Carpenter's  letter." 

The  following  draft  of  a  letter  to  be  written  by  the  Secretary, 
to  the  Secretary  of  the  Admiralty,  was  ai)i)roved  : — 

My  Lord, — I  am  directed  to  acquaint  you,  for  the  information 
of  the  Lords  Commissioners  of  the  Admiralty,  that  the  President 
and  Council  of  the  Eoyal  Society  have  had  under  their  con- 
sideration a  proposal  by  Dr.  Carpenter,  Vice-President  of  the 
Eoyal  Society,  and  Dr.  Wyville  Thomson,  Professor  of  Natural 
History  in  Queen's  College,  Belfast,  for  conducting  dredging 
operations  at  greater  depths  than  have  heretofore  been  attempted 
in  the  localities  which  they  desire  to  explore — the  main  purpose 
of  such  researches  being  to  obtain  information  as  to  the  ex- 
istence, mode  of  life,  and  zoological  relations  of  marine  animals 
living  at  great  depths,  with  a  view  to  the  solution  of  various 
questions  relating  to  Animal  Life,  and  having  an  important  bear- 
ing on  Geology  and  Palajontology.  The  objects  of  the  opera- 
tions which  they  wish  to  luidertake,  and  the  course  which  they 
would  propose  to  follow,  as  well  as  the  aid  they  desire  to  obtain 
from  the  Admiralty,  are  more  fully  set  forth  in  the  letter  of 
Dr.  Carpenter  to  the  President,  and  that  of  Professor  Thomson, 
copies  of  which  I  herewith  enclose. 

The  President  and  Council  are  of  opinion  that  important 
advantages  may  be  expected  to  accrue  to  science  from  the 
proposed  undertaking ;  accordingly  they  strongly  recomme^id  it 
to  the  favourable  consideration  of  her  Majesty's  Government, 
and  earnestly  hope  that  the  Lords  Commissioners  of  the 
Admiralty  may  be  disposed  to  grant  the  aid  requested.    In  such 
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case  the  scientific  appliances  required  would  be  provided  for  from 
funds  at  the  disposal  of  the  Eoyal  Society. 

I  am^  &c., 

W.'  Sharpey,  Sec.  RS. 

Lvrd  H,  Lennox,  M.P,,  Secretary  of  the  Admiralty. 

From  the  Minutes  of  the  Council  of  the  Royal  Society 

for  Oct.  20,  1868. 

Admiralty,  14^  July,  1S68. 

Sir, — In  reply  to  your  letter  of  the  22nd  ultimo,  submitting 
a  proposition  from  Dr.  Carpenter  and  Professor  Thomson  to 
investigate,  by  means  of  dredging,  the  bottom  of  the  sea  in 
certain  localities,  with  a  view  to  ascertain  the  existence  and 
zoological  relations  of  marine  animals  at  great  depths, — a  re- 
search which  you  and  the  Council  of  the  Royal  Society  strongly, 
recommend  in  the  intei-ests  of  science  to  the  favourable  con- 
sideration of  her  Majesty's  Government,  for  aid  in  furtherance 
of  the  undertaking, — I  am  commanded  by  my  Lords  Com- 
missioners of  the  Admiralty  to  acquaint  you  that  they  are 
pleased  to  meet  your  washes  so  far  as  the  Service  will  admit,  and 
have  given  orders  for  her  Majesty's  steam-vessel  'Lightning'  to 
be  prepared  immediately,  at  Pembroke,  for  tlie  purpose  of  caiTy- 
ing  out  such  dredging  operations. 

I  am,  Sir, 

Your  obedient  Servant, 

W.    G.   ItOMAlNK. 

To  the  President  of  the  Royal  Society. 

It  will  be  seen  by  the  letters  from  my  colleague 
and  myself  what  our  ideas  were  at  that  time,  and  what 
our  anticipations  as  to  the  result  of  our  labours.  We 
both  more  than  doubted  the  *  anti-biotic '  view  which 
was  then  very  generally  received,  and  we  expected  to 
be  able  to  trace  a  relationship  between  the  living 
inhabitants  of  the  deep  sea  and  the  fossils  of  some  of 
the  later  geological  formations  which  we  looked  upon 
as   their  direct  and  not  verv  remote  ancestors.     We 
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had  adopted  the  current  strange  miisconception  with 
regard  to  the  distribution  of  ocean  temperature ;  and 
it  is  perhaps  scarcely  a  valid  excuse  that  the  fallacy 
of  a  universal  and  constant  temperature  of  4°  C. 
below  a  certain  depth  varying  according  to  latitude, 
was  at  the  time  accepted  and  taught  by  nearly  all 
the  leading  authorities  in  Physical  Geography. 

From  the  time  that  the  Admiralty  gave  their 
sanction  to  the  use  of  a  Government  vessel  for  the 
investigation,  Dr.  Carpenter's  labours  in  working  out 
all  the  necessary  arrangements  and  preparations  were 
unceasing,  and  to  his  influence  in  the  Council  of  the 
Hoyal  Society,  and  to  the  confidence  placed  in  his 
judgment  by  members  of  the  Government  and  men 
in  official  positions,  the  success  of  the  undertaking  is 
unquestionably  due. 

The  surveying  ship  *  Lightning '  was  assigned  for 
the  service — a  cranky  little  vessel  enough,  one  which 
had  the  somewhat  doubtful  title  to  respect  of  being 
perhaps  the  very  oldest  paddle-steamer  in  her 
Majesty's  navy.  We  had  not  good  times  in  the 
*  Lightning.'  She  kept  out  the  water  imperfectly, 
and  as  we  had  deplorable  weather  during  nearly  the 
whole  of  the  six  weeks  we  were  afloat,  we  were  in  con- 
siderable discomfort.  The  vessel,  in  fact,  was  scarcely 
seaworthy,  the  iron  hook  and  screw-jack  fastenings  of 
the  rigging  were  worn  with  age,  and  many  of  them 
were  carried  away,  and  on  two  occasions  the  ship  ran 
some  risk.  Still  the  voyage  was  on  the  whole  almost 
pleasant.  Staft-Commander  May  had  lately  returned 
from  Annesley  Bay,  where  he  had  been  harbour-master 
during  the  Abyssinian  war ;  and  his  intelligence  and 
vivacity,  and  the  cordial  good-fellowship  of  his  officers,. 
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who  heartily  seconded  my  colleague  and  myself  in  our 
work  and  sympathised  with  us  in  our  keen  interest 
in  the  curious  results  of  the  few  trials  at  great  depths 
which  we  had  it  in  our  power  to  make,  made  the 
experience,  a  very  novel  one  to  us,  certainly  as 
tolerable  as  possible. 

The  *  Lightning'  left  Pembroke  on  the  4th  of 
August,  1868,  and  arrived  at  Oban  on  the  evening 
of  the  6th.  At  Oban  Dr.  Carpenter,  his  son  Herbert, 
and  I  joined,  and,  after  having  taken  observations 
for  the  chronometers,  completed  coals  and  water, 
and  being  otherwise  ready,  we  left  Oban  on  the  8th 
of  August,  anchored  on  that  evening  in  Tobermory 
Bay,  and  after  a  gusty  passage  through  the  Minch 
we  reached  Stomoway  on  the  evening  of  the  9th. 
At  Stomoway  we  were  received  by  Sir  James  and 
Lady  Matheson  with  a  courteous  hospitality  which 
on  many  subsequent  occasions  has  made  us  leave 
their  island  kingdom  with  regret  and  return  to  it 
with  pleasure.  We  took  in  as  much  coal  as  we 
could  carry,  stowing  as  much  as  was  safe  in  bags 
on  the  deck,  set  up  a  dredging  derrick  over  the 
stern,  took  final  observations,  and  departed  to  the 
northward  on  the  morning  of  the  11th.  We  took  a 
haul  or  two  the  same  afternoon  in  from  60  to  100 
fathoms,  about  15  miles  to  the  north  of  the  Butt  of 
the  Lews,  to  try  our  dredging-tackle  and  donkey, 
engine  and  to  trace  the  limits  of  the  shallow-water 
species.  All  the  appliances  worked  well,  but  the 
dredge  brought  up  few  animal  forms,  and  all  of  them 
well-known  inhabitants  of  the  seas  of  the  Hebrides. 
The  next  day  we  were  met  by  a  breeze  from  the  N.E., 
which  continued  for  three  days  with  such  force  that 
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we  were  compelled  to  lie-to  under  canvas,  drifting  to 
the  northward  towards  the  edge  of  the  Faeroe  Banks, 
any  attempt  to  dredge  being  out  of  the  question. 
On  the  13th,  during  a  lull,  we  sounded  and  found  no 
bottom  at  450  fathoms  (Station  1,  PL  I.),  mth  a 
minimum  temperature  of  9°'5  C,  the  temperature  of 
the  surface  water  being  12°*  5  C.  This  was  so  high  a 
temperature  for  so  considerable  a  depth  that  we  sus- 
pected some  error  in  the  indications  of  the  thermo- 
meters, three  of  Six's  registering  instruments  of  the 
Hydrographic  Office  pattern.  Subsequent  observa- 
tions however  in  the  same  locality  showed  us  that 
the  temperature  to  the  depth  of  600  to  700  fathoms 
in  that  region  is  the  moderate  temperature  of  the 
northward  current  of  the  gulf  stream. 

The  Fabroe  Banks  are  greatly  frequented  in  the 
fishing  season  by  English  and  foreign  fishing-smacks. 
Of  course  the  principal  object  is  to  prepare  cured  or 
hard-fish,  but  many  of  the  English  vessels  are  welled 
for  the  supply  of  fresh  cod  for  the  London  market. 

A  large  square  tank  occupies  the  middle  of  the 
vessel,  and  holes  in  the  sides  allow  the  water  to  pass 
freely  through  it.  The  water  in  the  tank  is  thus 
kept  perfectly  fresh  ;  the  best  of  the  cod  are  put  into 
it,  and  they  stand  the  voyage  perfectly.  It  is  curious 
to  see  the  great  creatures  moving  gracefully  about 
in  the  tank  like  gold-fish  in  a  glass  globe.  They  are 
no  doubt  *  quite  unaccustomed  to  man,'  and  conse- 
quently they  are  tame ;  and  with  their  long  smooth 
mottled  faces,  their  huge  mouths,  and  lidless  un- 
speculative  eyes,  they  are  about  as  unfamiliar  objects 
as  one  can  well  see.  They  seem  rather  to  like  to 
be  scratched,  as  they  are  greatly  infested  by  caligi 
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and  all  kinds  of  suctorial  copepods.  One  of  them  will 
take  a  crab  or  a  larj^e  fusus  or  buccinum  quietly  out 
of  one's  hand,  and  with  a  sliglit  movement  transfer  it 
down  its  capacious  throat  into  its  stomach,  where  it 
is  very  soon  attacked  and  disintegrated  by  the  power- 
ful gastric  secretions.  In  one  welled  smack  I  visited 
on  one  occasion,  one  of  the  fish  had  met  with  some 
slight  injury  Avhich  spoiled  its  market,  and  it  made 
several  trips  in  the  well  between  London  and  Fsferoe 
and  became  quite  a  pet.  The  sailors  said  it  knew 
them.  It  was  mixed  uji  Avith  a  number  of  others  in 
the  tank  when  I  was  on  board,  and  certainly  it  was 
always  the  first  to  come  to  the  top  for  the  chance  of 
a  crab  or  a  bit  of  biscuit,  and  it  rubbed  its  *  head 
and  shoulders  '  against  my  hand  quite  lovingly. 

On  the  loth  and  16th  we  dredged  over  the  Facroe 
Hanks  at  a  dei)th  of  from  200  to  50  fathoms,  the 
bottom  gravel  and  nuUipore,  and  the  temperature 
from  8°  to  10°  C.  The  banks  swarm  witli  the  com- 
mon brittle  star  OphiothrixfrayiliSy  Avith  the  Korway 
\oh^iQV  Xejjlu'ojjs  uorvegicusy  large  spider  crabs,  several 
species  of  the  genus  Galathea^  and  many  of  the  genus 
Crantjon.  So  ample  a  supply  of  their  favourite  food 
readily  accounts  for  the  abundance  and  excellence  of 
the  cod  and  ling  on  the  banks. 

There  is  some  rough  rocky  ground  on  the  Fjferoe 
Banks,  and  notwithstanding  all  possible  care  and  the 
use  of  Hodge's  '  accumulators  '  to  ease  the  strain  on 
the  dredge  ropes,  Ave  lost  two  of  our  best  dredges  and 
some  hundreds  of  fathoms  of  rope.  On  the  morning 
of  the  17th  Ave  siglited  Fa»roe,  as  usual  only  getting 
noAV  and  then  a  gliui])se  of  the  islands  of  this  remote 
little  archipelago  by  the  lilting  of  the  curtain  of  mist 
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which  almost  constantly  envelopes  them.  Towards 
mid-day  the  weather  improved  a  little,  and  as  we 
threaded  among  the  islands  towards  the  little  harbour 
of  Thorshavn  we  greatly  enjoyed  our  first  vicAV  of 
their  fantastic  outlines,  partly  shrouded  in  tlieir  veil 
of  mist ;  their  soft  green  and  brown  colouring  ren- 
dered still  softer  by  the  subdued  sub-arctic  light,  and 
the  streams  and  cascades  embroidering  the  gentle 
slopes  of  the  hills  and  falling  over  the  cliffs  like 
silver  threads  and  tassels. 

The  Faeroe  Islands  are  basaltic;  terrace  over 
terrace  of  soft  easily  decomposed  anamesite  probably 
of  Miocene  tertiary  age.  This  uniform  structure, 
and  the  absence  of  trees  or  any  prominent  form  of 
vegetation,  gives  a  singular  sameness  of  effect.  The 
scattered  habitations  are  usually  sad-coloured  and 
roofed  with  growing  turf,  so  that  they  are  actually 
invisible  at  a  little  distance.  We  were  greatly  struck 
sometimes  by  the  difficulty  of  estimating  distance 
and  height ;  from  the  total  want  of  familiar  objects 
for  comparison  it  was  sometimes  difficult  to  tell, 
passing  among  the  islands  and  looking  at  them 
through  the  moist  transparent  air,  whether  the 
ridge  was  500  feet  high,  or  double  or  four  times  that 
height.  The  intermediate  height  is  usually  nearest 
the  truth. 

Thorshavn,  the  capital  of  Fgferoe,  is  a  strange  little 
place.  The  land  shelves  down  rather  abruptly  to  a 
little  bay,  round  the  head  of  which  the  town  is  built ; 
and  the  habitations  are"  perched  among  the  rocks  on 
such  flat  spaces  as  may  be  found  for  their  reception. 
The  result  is  irregular  and  picturesque ;  and  very 
peculiar,  for  something  like  a  scramble  is  necessary 
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to  get  along  some  of  the  principal  *  streets.'  Above 
the  town  a  little  clearing  forms  a  miniature  lawn 
and  garden  gay  with  bright  flowers  in  front  of  the 
Governor's  house,  a  pretty  wooden  cottage  residence 
like  a  villa  in  a  suburb  of  one  of  the  Scandinavian 
towns. 

Faferoe,  with  its  wet  sunless  climate  and  precarious 
crops  of  barley ;  its  turf-thatched  cottages  and  quiet 
little  churches ;  its  glorious  cliffs  and  headlands  and 
picturesque  islets,  the  haunt  of  the  eider-duck  and 
the  puflin;  and  its  hardy,  friendly  islanders,  with  their 
quaint,  simple,  semi-Icelandic  semi-Danish  customs, 
has  been  described  again  and  again.  Fseroe  only  came 
to  us  as  a  pleasant  haven  of  rest  in  the  middle  of  our 
northern  work.  We  paid  it  two  visits  of  a  week  each 
in  successive  years,  and  one  of  the  most  pleasant 
memories  in  the  minds  of  all  of  us  connected  with 
these  expeditions  will  always  be  the  cordial  sympathy 
which  we  received  from  our  friend  M.  Holten  the 
Danish  Governor,  and  his  accomplished  wife.  M. 
Holten  received  us  with  the  most  friendly  hospitality, 
and  did  everything  in  his  power  at  all  times  to  render 
us  assistance  and  to  further  our  views.  He  introduced 
us  to  the  leading  inhabitants  of  his  dominion,  and 
during  the  many  pleasant  evenings  which  we  spent 
at  his  residence  we  heard  all  that  we  could  of  the 
economy  of  this  simple  little  community,  perhaps  the 
most  primitive  and  the  most  isolated  in  Europe.  To 
Governor  Holten  I  have  already  had  the  pleasure  of 
dedicating  a  singularly  beautiful  sponge-form  which 
we  discovered  during  our  return  voyage ;  and  to 
Madame  Holten,  to  whose  graceful  pencil  I  am  in- 
debted for  the  vignettes  of  Faferoo  scenery  which  so 
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appropriately  close  these  chapters,  I  now  dedicate 
this  volume,  in  rememhrance  of  the  great  kindness 
which  we  invariahly  experienced  from  her  and  from 
her  excellent  husband. 

We  lay  in  Thorshavn  harbour  till  the  26th  of 
August,  the  weather  being  so  bad  as  to  make  all  idea 
of  pursuing  our  work  outside  hopeless.  Whenever  it 
was  possible  we  dredged  in  the  fiords  with  P^roese 
boats  and  native  boatmen,  and  we  made  the  acquaint- 
ance of  Sysselman  Muller,  the  representative  of  Faeroe 
in  the  Danish  Parliament,  who  had  made  himself 
thoroughly  conversant  with  the  moUusca  of  Fseroe, 
and  had  contributed  his  information  to  a  list  published 
in  1867  by  Dr.  O.  A-  L.  Morch.  The  shallow-water 
fauna  seems  to  be  scanty,  as  we  find  frequently  to  be 
the  case  on  a  bed  of  decomposing  trap.  It  is  of  a 
character  intermediate  between  that  of  Shetland  and 
the  Scandinavian  coast.  The  forms  which  perhaps 
interested  us  most  were  Fustis  despectnsy  L. — a  hand- 
some shell  which  may  possibly  be  only  a  very  marked 
variety  of  Fusus  antiqun^y  L. ;  but  if  so,  it  is  one  with 
very  definite  limit  of  distribution,  as  it  occurs  only 
rarely  in  very  deep  water  in  the  British  seas.  In  water 
of  moderate  depth  among  the  Faeroes  it  is  abundant, 
apparently  replacing  jP.  antiquvs.  Another  common 
Faeroe  shell  is  Tellina  calcareuy  Chemnitz, — a  very 
abundant  British  glacial  clay  fossil,  but  not  hitherto 
found  recent  in  the  British  area.  In  the  glacial  clays 
near  Rothesay  it  is  in  regular  beds  associated  with 
Mya  truncata,  L ,  var.  uddevallensis,  Forbes  ;  /Sa^ 
cava  norvegicay  Sprengler;  Pecten  islatidicua,  O.  F. 
MtJLLER,  and  other  northern  forms,  and  frequently 
so  fresh  that  the  two  valves  are  still  in  position  and 
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held  together  hy  their  connecting  ligament.  A  some- 
what peculiar  variety  of  Echinus  sphcera^  O.  F.  Muller, 
was  met  with  in  one  of  the  Fjords  associated  with  a 
large  form  of  E.flemingiij  Ball  ;  and  what  appears  to 
be  a  small  form  of  Ciwumaria  frondosa.  Gunner,  was 
very  common  in  shallow  water  on  the  tangles. 

While  we  were  lying  in  Thorshavn  harbour  the 
Danish  gunboat  *  Fylla '  and  the  French  steam  trans- 
port *  L'Orient '  came  in  on  their  way  from  Iceland. 
Both  of  the  vessels  from  the  north  had  come  through 
bad  weather,  and  were  glad  to  run  into  shelter.  During 
the  stay  of  the  three  war-ships  the  little  capital  was 
quite  gay,  and  the  Governor  had  abundant  opportunity 
of  exercising  his  genial  hospitality.  On  the  26th  of 
August,  as  the  barometer  rose  a  little  and  there 
seemed  to  be  some  slight  sign  of  improvement,  we 
left  Thorshavn  and  steamed  southward  to  dredsre  if 
possible  in  the  deep  channel  between  Fseroe  and  Shet- 
land ;  but  the  same  evening  wild  weather  set  in  again 
with  a  strong  gale  of  wind  from  the  north-westward, 
and  the  barometer  down  to  29-08.  The  hook  and 
screw-jack  fastenings  of  the  main  rigging  went  one 
after  another,  and  we  narrowly  escaped  losing  the 
mast.  The  gale  lasted  till  the  29th,  when  there  was 
rather  better  weather ;  and  after  lying-to  and  drifting 
to  the  north-east  for  nearly  three  days,  we  took  a 
sounding  in  lat.  60^  45'  N.,  long.  4'  49'  W.  (Station  6). 
This  gave  a  depth  of  510  fathoms  and  a  bottom  tem- 
perature of  0°  C.  On  the  evening  of  the  29th  and 
on  the  30th  the  weather  was  sufficiently  moderate  to 
allow  us  to  work  our  dredging  gear,  and  the  first 
trials  were  of  great  interest,  as  it  was  our  first  oppor- 
tunity of  making  the  attempt  in  so  great  a  depth  of 
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water.  The  operation  seemed  however  to  present  no 
special  difficulty,  and  nearly  every  haul  was  success- 
ful. The  bottom  was  sand  and  gravel,  mostly  derived 
from  the  disintegration  of  the  old  rocks  of  the  Scottish 
plateau.  Animal  life  was  not  abundant,  but  several 
groups  were  fairly  represented.  Sandy  rhizopods  of  a 
large  size  were  numerous,  and  there  were  several  con- 
spicuous crustaceans  and  echinoderms,  among  the  latter 
an  example  of  Astropecten  teiiuispinusy  of  a  brilliant 
scarlet  colour,  which  came  up  entangled  on  the  line. 

On  the  31st  bad  weather  set  in  again,  and  we  could 
neither  sound  nor  dredge.  On  the  1st  of  September 
we  got  one  temperature  sounding  in  550  fathoms  with 
-'V'2  C,  but  could  do  no  work. 

The  next  day,  September  2,  Avas  more  moderate, 
and  we  dredged  all  day  at  a  depth  of  only  170  fathoms 
over  a  very  restricted  shoal,  Avhich,  singularly  enough, 
we  could  not  find  when  we  sought  for  it  the  year 
after  in  the  *  Porcupine.'  Here  we  found  animal 
life  abundant  and  varied — a  mixture  of  Celtic  and 
Scandinavian  forms.  The  bottom  was  chiefly  small 
rounded  pebbles  of  the  dark  anamesite  of  the  Faeroes, 
and  sticking  to  them,  singly  or  in  little  groups  like 
plums  on  their  stems,  were  many  large  specimens 
of  the  rare  brachiopod  Terebratula  cranhmi^  O.  F. 
MtJLLER,  alons:  with  abundance  of  the  commoner  form 
Terebratulina  capnt-serpentiSy  L. 

The  following  day,  September  3,  we  were  again  in 
deep  water,  about  500  fathoms,  with  a  bottom  tem- 
perature a  little  below  the  freezing-point,  the  thermo- 
meter at  the  surface  giving  10°'5  C.  Here  we  took 
representatives  of  many  invertebrate  groups — rhizo- 
pods, sponges,  echinoderms,  crustaceans,  and  molluscs; 
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among  them  a  magnificent  specimen  of  a  new  star- 
fish which  has  been  since  described  by  M.  G.  O.  Sars 
under  the  name  of  Brisinga  coronata  (Fig.  5).  The 
genus  Bfnsinga  was  discovered  in  1853  by  M.  P.  Chr. 
Absjornsen,  who  then  dredged  several  specimens  of 
another  species,  B.  endecacnemoSy  Absj.,  at  a  depth 
of  100  to  200  fathoms  in  the  Hardangerfjord  on 
the  Norway  coast  a  little  to  the  south  of  Bergen. 
These  are  certainly  very  wonderful  creatures.  At 
first  sight  they  look  intermediate  between  ophiurids 
and  star-fishes,  the  arms  too  thick  and  soft  for  the 
former,  but  much  more  long  and  delicate  than  we 
usually  fijoid  them  in  the  latter  group. 

The  disk  is  small,  about  20  to  25  mm.  in  diameter ; 
in  B.  endecacfiemos  nearly  smooth,  in  B.  coronata 
covered  with  spines.  The  madreporiform  tubercle  is 
on  the  dorsal  surface  close  to  the  edge  of  the  disk.  A 
firm  ring  of  calcareous  ossicles  forms  and  supports  the 
edge  of  the  disk,  and  gives  attachment  to  the  arms. 
The  arms  are  ten  or  eleven  in  number:  the  latter 
number  is  probably  abnormal.  They  are  sometimes 
as  much  as  30  centimetres  in  length ;  narrow  at  the 
base,  where  they  are  inserted  into  the  ring ;  enlarging 
considerably  towards  the  middle,  where  the  ovaries  are 
developed ;  and  tapering  again  to  the  end.  Rows  of 
long  spines  border  the  ambulacral  grooves ;  the  spines 
are  covered  with  a  soft  skin,  which,  when  the  animal  is 
quite  fresh,  forms  a  little  transparent,  sack-like  expan- 
sion full  of  fluid  at  the  end  of  each  spine.  The  soft 
covering  of  the  spines  is  full  of  small  pedicellariae, 
and  pedicellariae  are  likewise  scattered  in  groups  over 
the  surface  of  the  arms  and  disk. 

The  arms  in  B.  enrlecacnemos  are  nearly  smooth, 
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ribbed  transversely  here  and  there  by  slightly  raised 
calcareous  bands  passing  irregularly  partly  or  wholly 
across  them.     In  B,  coronata  these  ridges  are  sur- 
mounted by   crests  of  spines.     Both  species  are  of 
a  rich  crimson   colour,   passing  into  orange-scarlet. 
The   arms   are  easily  detached  from  the  disk.     We 
never  got  one  of  either  species  nearly  entire,  but  even 
coming  up   in  pieces  they  were  certainly  the  most 
striking  objects  we  met  with.     One  was  sufficient  to 
give  a  glorious  dash  of  colour  to  a  whole  dredgeful. 
**Le    nom   Brisinga  est   deriv6   d'un   bijou  brillant 
(Br i sing)  de  la  d^esse  Freya/'  which  brings  a  pleasant 
flavour  of  Scandinavian  heathendom  about  it.     "  J'ai 
trouv6  cette  Ast^rie  brillante  a  Hardanger fjord  h.  I'aide 
du  dredge  h  la  fin  du  mois  d'aoAt  1853,  k  la  profon- 
deur  de  100  h  200  brasses,  oti  elle  6tait  plac^e  sur  le 
plan  latdral  et  perpendiculaire  d'une  montagne,  qui 
semblait   descendre   de  80  a  90  brasses  jusqu'Ji  200 
brasses  et  meme  de  plus.     Elle  se  trouve  bien  rare- 
ment ;  en  draguant  plus  de  huit  jours  avec  beaucoup 
d'assiduite  dans  la  meme  localite  et  dans  les  environs 
je  trouvais  seulement  quelques  bras,  et  quelques  indi- 
vidus  plus  ou  moins  grands,  dont  le  plus  petit  entre 
les  pointes  des  bras  oppos6s  avait  une  grandeur  de  6 
pouces,  le  plus  grand  environ  2  pieds  de  diamMre. 
Aucun  d'eux  n'etait  sans  6tre  endommag6 ;  Tanimal 
est  extr^mement  fragile  et  semble,  comme  les  coma- 
tules  et  quelques  espfeces  d'Ophiolepis  et  d'Ophiotrix, 
k  cause  de  la  pression  diminuante  de  Teau,  tir6  vers 
la  surface,  par  un  eflFbrt  vigoureux,  se  d^faire  de  ces 
bras,  qui  toujours  se  detachent  {\  I'endroit  ofi  ils  sont 
unis  avec  I'anneau  du  disque.     Le  surpois  du  bras  en 
com  para  ison  du  disque  tr^s  petit,  et  la  grandeur  con- 
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sid6rable  de  laniinal,  augmente  aussi  les  difficultes  k 
le  faire  sortir  du  dredge  sans  etre  decliire.  Quoique 
je  fusse  assez  heureux  pour  le  saisir  avant  qu'il  sortait 
de  I'eau,  et  malgre  toute  la  precaution  possible,  je 
r^ussis  seulement  a  conserver  deux  disques  d'une  paire 
de  bras  fermes,  mais  a  ceux-ci  meme  le  peau  6tait 
rompue.  Quand  ranimal  est  complet  et  coherent, 
ainsi  que  je  I'ai  vu  une  ou  deux  fois  sous  I'eau  dans 
le  dredge,  il  est  voritablement  un  exemplaire  de  luxe, 
une  '  gloria  maris.'  "^ 

The  bad  weather  was  unrelenting,  and  again  inter- 
rupted us  for  a  couple  of  days  :  we  got  a  sounding 
however  on  the  5th  of  September,  in  lat.  60°  30'  N. 
and  long.  T  16'  W.,  with  no  bottom  at  450  fatlioms 
and  a  minimum  temperature  about  the  freezing-point. 
It  will  be  seen  by  the  chart  that  the  last  five  stations, 
Nos.  7  to  11,  form  an  oblique  line  from  south-east  to 
north-west  between  the  northern  part  of  Orkney  and 
the  FflBroe  Bank.  The  bottom  is  throughout  a  mixture 
of  gravel  and  sand,  with  patches  of  mud ;  Nos.  7  and  8 
principally  the  debris  of  the  metamorphic  rocks  of 
the  north  of  Scotland ;  Nos.  9,  10,  and  11  chiefly 
volcanic,  the  detritus  of  the  Fiferoe  traps.  This  line 
of  soundings  is  entirely  within  what  Ave  afterwards 
learned  to  call  the  *coid  area,'  the  thermometer  for 
depths  below  300  fathoms  indicating  a  temperature 
slightly  above  or  below  0°  C. 

As  we  were  now  again  approaching  the  Fferoe 
fishing-banks,  we  shaped  our  course  southwards,  and 
on  the  morning  of  September  6th  we  sounded  and 

^  Description  d'un  Nouvcan  (»enre  des  Ast^ries,  par  P.  Chr.  Abs- 
jiimsen,  in  "  Fauna  littoralis  Norvcgiao,"  l)y  Dr.  M.  Sara,  J.  Koren, 
and  D.  C.  Danielsson.     Seconde  Livmison.     I>ergen,  180(),  p.  1)G. 
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dredged  in  lat.  59°  3G',  long.  7'  20'  (Station  12),  with  a 
depth  of  530  fathoms  and  a  'warm  area'  temperature 
of  6*'-4  C.  The  dredging  here  was  most  interesting. 
The  bottom  was  for  the  first  time  *  Atlantic  ooze/  a 
fine  bluish-grey  tenacious  calcareous  mud^  with  some 
sand  and  a  considerable  admixture  of  Globigerince. 
Imbedded  in  this  mud  there  came  up  an  extraordinary 
number  of  silicious  sponges  of  most  remarkable  and 
novel  forms.  Most  of  these  belonged  to  an  order 
which  had  been  described  by  the  writer  a  couple  of 
years  before  as  '  Porifera  vitrea/  a  tribe  at  that  time 
but  little  known,  but  which  have  since  become  very 
familiar  to  us  as  denizens  of  the  abyssal  zone. 
Working  from  more  extended  data,  Professor  Oscar 
Schmidt  afterwards  defined  the  group  more  exactly 
as  a  family,  under  the  name  of  Hexactinellidce — the 
term  which  I  shall  here  adopt. 

The  relations  and  peculiarities  of  this  singular 
group  will  be  fully  discussed  in  a  future  chapter. 
The  most  characteristic  forms  which  we  met  with  on 
this  occasion  were  the  beautiful  sea-nests  of  the 
Setubal  shark-fishers,  Holtenia  carpenteri,  Wy.  T. 
(Fig.  6),  and  the  even  more  strange  Hyalonema 
lusitanicuniy  Barboza  de  Bocage,  closely  related  to 
the  glass-rope  sponges  of  Japan  which  have  so  long 
perplexed  naturalists  to  determine  their  position  in 
the  animal  series,  and  their  relation  to  their  constant 
companion  the  parasitic  Palythoa. 

Ilolte7iia  carpenteri  is  an  oval  or  sphere  90  to  100 
mm.  in  height,  with  one  large  oscular  opening  at  the 
top  about  30  mm.  in  diameter,  whence  a  simple 
cylindrical  cavity  cupped  at  the  bottom  passes  down 
vertically  into  the  substance  of  the  sponge  to  the 
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depth  of  55   mm.     The   outer  wall  of  the   sponge 


Fio.  «.— ffoin 


consists  of  a  complicated  network  of  the  cross-like 
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heads  of  five-rayed  spicules.  One  ray  of  each 
spicule  dips  directly  into  the  hody  of  the  sponge, 
and  the  other  four,  which  are  at  right  angles  to  it, 
form  a  cross  on  the  surface,  giving  it  a  beautiful 
stellate  appearance.  The  silicious  rays  of  one  star 
curve  towards  and  meet  the  rays  of  the  neighbouring 
stars,  and  run  parallel  with  them.  All  the  rays  of 
all  the  spicules  are  thickly  invested  Avith  consistent 
semi-transparent  gelatinous  matter,  Avhich  binds  their 
concurrent  branches  together  by  an  elastic  union, 
and  fills  up  the  angles  of  the  meshes  with  softly 
curved  viscous  masses.  This  arrangement  of  the 
spicules,  free  and  yet  adhering  together  by  long 
elastic  connections,  produces  a  strong,  flexible,  and 
very  extensible  tissue.  The  cylindrical  oscular  cavity 
within  the  sponge  is  lined  with  nearly  the  same  kind 
of  network. 

When  the  sponge  is  living,  the  interstices  of  the 
silicious  network  are  filled  up  both  outside  and  in  with 
a  delicate  fenestrated  membrane  formed  of  a  glairy 
substance  like  white  of  egg,  which  is  constantly 
moving,  extending  or  contracting  the  fenestrse,  and 
gliding  over  the  surface  of  the  spicules.  This 
*  sarcode,*  which  is  the  living  flesh  of  the  sponge, 
contains  distributed  through  it  an  infinite  number 
of  very  minute  spicules,  presenting  the  most  sin- 
gular and  elegant  forms  very  characteristic  of  each 
species  of  sponge.  A  constant  current  of  water 
carried  along  by  the  action  of  cilia  passes  in  by 
apertures  in  the  outer  wall,  courses  through  the 
passages  in  the  loose  texture  of  the  intermediate 
sponge-substance  carrying  organic  matter  in  solution 
and  particles  of  nourishment  into  all  its  interstices, 
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and  finally  passes  out  by  the  large  '  osculum  *  at  the 
top.  Over  the  upper  third  of  the  sponge  a  multitude 
of  radiating  rigid  silicious  spicules  form  a  kind  of 
ornamental  frill,  and  from  the  lower  third  a  perfect 
maze  of  delicate  glassy  filaments,  like  fine  white  hair, 
spread  out  in  all  directions,  penetrating  the  semi-fluid 
mud,  and  supporting  the  sponge  in  its  precarious  bed 
by  increasing  its  surface  indefinitely  while  adding 
but  little  to  its  weight. 

This  is  only  one  of  the  ways  by  which  sponges 
anchor  themselves  in  the  ooze  of  the  deep  sea. 
Hyalonema  sends  right  down  through  the  soft 
mud  a  coiled  Avhisp  of  strong  spicules,  each  as  thick 
as  a  knitting  needle,  Avhich  open  out  into  a  brush 
as  the  bed  gets  firmer,  and  fix  the  sponge  in  its  place 
somewhat  on  the  principle  of  a  screw  pile.  A  very 
singular  sponge  from  deep  water  off  the  Loffoten 
Islands  spreads  into  a  thin  circular  cake,  and  adds 
to  its  surface  by  sending  out  a  flat  border  of  silky 
spicules,  like  a  fringe  of  white  floss- silk  round  a 
little  yellow  mat ;  and  the  lovely  Unplectella^  Avhose 
beauty  is  imbedded  up  to  its  fretted  lid  in  the  grey 
mud  of  the  seas  of  the  Philippines,  is  supported  by 
a  frill  of  spicules  standing  up  round  it  like  Queen 
Elizabeth's  rufl^. 

The  sponges  of  the  deep-water  ooze  are  by  no 
means  confined  to  one  group.  The  Hexactinellidce 
are  perhaps  the  most  abundant,  but  corticate  sponges 
even,  closely  allied  to  those  which  look  so  rigid  when 
fixed  to  stones  in  shallow  water,  send  out  long  anclior- 
ing  spicules  and  balance  themselves  in  the  soft  mud 
(Fig.  7) ;  and  off  the  coast  of  Portugal  Mr.  Gwyn 
Jefirevs    dredged    in   1870   several    small    forms   of 
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the  Salichondridee,   with    long    supporting    fibrous 
beards. 

From  its  appearance  when  brought  up  Moltenia 
evidently  lives  buried  in  the  mud  to  its  upper  fringe 
of  spicules.    "When  freshljr  dredged,  it  is  loaded  with 


— rblfiloilllKwarictArilif,  Wttillb 


pale  grey  semi-fluid  sarcode,  full  of  Globigerina, 
Triloculinte,  and  other  rhizopods,  and  covered  in  our 
northern  localities  with  the  little  ophiurid  Ampkiura 
abijtticola,  Sars,  and  the  exquisitely  delicate  trans- 
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parent  clam,  Pecten  vitreus,  Chemnitz.  Holtenia 
extends  from  the  Butt  of  the  Lews  to  Gibraltar,  in 
from  500  to  1,000  fathoms.  Mr.  Saville  Kent, 
dredging  in  Mr.  Marshall  Hall's  yacht  *Norna,'  found 
a  singular  variety  off  the  coast  of  Portugal,  which 
from  its  flatter,  more  hemispherical  form,  and  more 
rigid  anchoring  spicules,  probably  inhabits  a  firmer 
medium.' 

As  might  be  expected,  the  Atlantic  ooze  of  this 
station,  rich  in  rhizopods  giving  an  ample  supply  of 
food,  and  with  a  comparatively  mild  climate,  yielded 
many  living  forms  belonging  to  various  orders.  Along 
with  Globigerince  and  other  small  forms  there  were 
many  large  rhizopods,  among  them  Rhabdammina 
abyasoinim,  Sars,  a  singularly  regular  triradiate  sandy 
form  of  a  bright  orange  colour,  and  very  hard ;  from 
analyses  made  by  Dr.  Williamson  at  the  request 
of  Dr.  Carpenter,  its  hardness  is  apparently  owing  to 
the  cement  employed  by  the  animal  in  the  construc- 
tion of  its  case  containing  phosphate  of  iron,  the  only 
instance  of  the  use  of  this  substance  for  such  a 
purpose  of  which  we  are  yet  aware  :  Astrorhiza 
limicolay  Sandahl,  a  large  irregularly-formed  rhizo- 
pod  with  a  soft  test  of  mud  and  sand :  many  large 
Corntispir{B  and  TextularuB^  and  large  Bi-  and  TrU 
loculifKB  and  other  miliolines :  a  few  zoophytes,  and 
especially  common  the  curious  sea-pen  Kophobeteni- 
won  mulleriy  Sabs,   and   the  fine  branching  coral, 

1  On  the  Hexactinellidae,  or  Hex  radiate  Spiculed  Silicious  Sponges, 
taken  in  the  '  Noma '  Expedition  off  the  coast  of  Portugal ;  with 
Descnption  of  New  Species  and  Ke vision  of  the  Order.  By  W.  Saville 
Kent,  F.L.S.,  F.RM.S.,  of  the  Geological  Department,  British 
Museum.     (Monthly  Microscopic  Journal,  November  Ist,  1870.) 
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Lophohelia  prolifera^  Pallas  :  among  Echinoderras 
some  beautiful  varieties  of  Echinus  noi^egums^  D.  and 
K.,  E.  elegemSj  D.  and  K.,  Ophiocten  aericeu/niy  Forbes, 
and  Ophiacantha  apinulosa^  M.  and  T.,  which  seems  to 
be  universal  in  deep  water,  and  the  curious  little 
crinoid  Mhizocrinus  loffotensisj  Sars,  which  will  be 
described  hereafter :  some  remarkable  crustaceans, 
including  as  one  of  the  most  prominent  a  scarlet 
Munida  with  remarkably  large  brilliant  eyes,  of  the 
colour  and  lustre  of  burnished  copper. 

We  now  proceeded  towards  Stomoway,  which  we 
reached  on  the  9th  of  September,  dredging  on  our 
way  in  shallowing  water,  and  still  meeting  with  in- 
teresting things  such  as  Antedon  celticus,  Barrett, 
collected  previously  by  Mr.  Gwyn  Jeffreys  on  the 
coast  of  Ross-shire;  abundance  of  'the  piper,'  Cidaris 
papillata^  Leske,  until  lately  one  of  the  prizes  of  the 
British  collector,  now  known  to  be  perhaps  the 
most  abundant  of  the  larger  living  forms  at  depths 
from  250  to  500  fathoms  in  the  British  seas. 

The  weather  now  looked  more  promising.  I  was 
unfortunately  obliged  to  return  to  my  duties  in 
Dublin ;  but  as  the  results  already  obtained  led  Dr. 
Carpenter  strongly  to  desire  an  opportunity  of 
examining  both  the  temperature  and  the  animal  life 
of  still  deeper  waters,  it  was  thought  by  him  and 
Captain  May  that,  notwithstanding  the  lateness  of  the 
season,  it  would  be  worth  while  to  venture  another 
short  cruise  in  a  westerly  direction,  where  it  was 
known  from  previous  soundings  that  the  depth  was 
beyond  1,000  fathoms.  Accordingly,  after  re-fitting, 
an  operation  which  in  some  respects  was  sorely 
needed,  and  restoring  as  far  as  possible  the  lost  dredg- 
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ing  gear,  the  *  Lightning '  once  more  steamed  out  of 
Stornoway  Harbour  on  the  14th  of  September. 

After  a  fine  run  of  110  miles  in  a  north-westerly 
direction  from  the  Butt  of  the  Lews,  a  sounding  was 
taken  on  the  morning  of  September  15th,  in  lat. 
SO""  59',  long.  9°  15',  with  a  bottom  of  Atlantic  ooze, 
at  a  depth  of  650  fathoms  (Station  14).  Still  running 
north-westward  sixty  miles  further,  another  sound- 
ing was  taken  on  the  18th,  at  570  fathoms,  when  the 
scoop  of  the  sounding  instrument  brought  up  scarcely 
anything  but  entire  Globigerince,  like  the  finest  sago. 
Fifty  miles  further,  in  the  same  direction,  bottom 
was  found  at  650  fathoms;  but  on  this  occasion 
the  sounding-lead  and  three  tliermometers  were 
unfortunately  lost  in  hauling  up,  so  that  the  tem- 
perature was  not  ascertained.  A  haul  of  the  dredge 
was  taken,  however,  at  this  great  depth,  120  fathoms 
deeper  than  at  any  of  the  previous  stations,  perfectly 
successfully,  the  dredge  bringing  up  2\  cwt.  of  very 
viscid  greyish  white  mud.  The  mud  was  everywhere 
traversed  by  the  long  glassy  root-fibres  of  anchoring 
sponges,  and  about  50  fathoms  from  the  dredge  there 
were  two  white  tufts  of  such  fibres  sticking  to  the 
rope,  no  doubt  pulled  off^  the  ground,  as  they  en- 
tangled in  their  meshes  some  oi)hiurids,  some  small 
crustaceans,  and  one  or  two  tube-forming  annelids. 
In  the  mud  was  a  remarkable  sea-pen,  which  Pro- 
fessor KoUiker,  who  has  undertaken  the  description 
of  such  things  procured  in  our  several  expeditions, 
refers  to  a  new  genus  under  the  name  of  Bathy- 
ptilnm  carpcnlerij,  and  some  large  foraminifera. 
Dr.  Carpenter  now  stood  due  north,  wishing  to  get 
into   the   deep   trough   between    the    Hebrides    and 
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llockall,  and  on  the  morning  of  September  17th 
sounded  at  a  depth  of  620  fathoms,  in  lat.  SO"*  49', 
long.  12**  36',  with  a  *  warm  area '  temperature. 

The  weather  now  again  broke,  became  too  un- 
favourable for  work,  and  grew  worse  until  the  fore- 
noon of  the  20th,  when  St.  Kilda  was  in  sight  and  it 
was  blowing  a  strong  gale  with  a  heavy  sea.  At  day- 
light on  Monday  the  21st  off  Barra  Head  the  south 
point  of  the  Hebrides,  a  fresh  easterly  wind  blowing 
the  barometer  low  and  appearances  suspicious,  Capt. 
May  did  not  deem  it  advisable  to  stand  to  sea  again. 
He  therefore,  after  consultation  with  Dr.  Carpenter, 
determined  to  conclude  the  work,  proceeded  down  the 
Sound  of  Mull,  and  anchored  at  Oban  on  the  same 
afternoon. 

At  Oban  Dr.  Carpenter  and  his  yoimg  son,  who 
had  manfully  borne  no  little  hardship  and  helped  to 
lighten  the  evil  times  to  his  seniors,  went  on  shore 
and  proceeded  southwards  by  land. 

Her  fate  pursued  the  '  Lightning.'  After  lying  a 
couple  of  days  at  Oban,  Captain  May  started  for 
Pembroke  on  the  24th  September.  On  the  25th 
off  the  Calf  of  Man,  the  barometer  having  suddenly 
fallen  and  the  wind  an^  sea  fast  rising,  he  determined 
to  run  for  Holyhead,  when  suddenly,  without  increase 
of  wind  and  in  a  roll  not  heavier  than  usual,  the  whole 
of  the  weather  fore-rigging  went  by  the  straightening 
or  breaking  of  the  iron  hooks  which  held  it.  Luckily 
the  mast  did  not  fall,  and  after  an  hour  spent  in  tem- 
porarily repairing  it  the  *  Lightning '  proceeded  on 
her  course  and  anchored  in  the  new  harbour  of 
Holyhead  about  6  p.m. 

The  general  results  of  the  *Li«]fhtnin,s:'  expedition 
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were  upon  the  whole  as  satisfactory  as  we  had  ventured 
to  anticipate.  The  vessel  was  certainly  not  well  suited 
for  the  purpose,  and  the  weather  throughout  the  cruise 
was  very  severe.  During  the  six  weeks  which  elapsed 
between  our  departure  from  Oban  and  our  return  only 
ten  days  were  available  for  dredging  in  the  open  sea, 
and  on  four  of  these  only  we  were  in  water  over  500 
fathoms  deep.  On  our  return  Dr.  Carpenter  submitted 
to  the  Royal  Society  a  preliminary  report  on  the 
general  results  of  the  cruise,  and  these  were  regarded 
by  the  Council  of  the  Society  as  sufficiently  new  and 
valuable  to  justify  a  strong  representation  to  the 
Admiralty  urging  the  importance  of  continuing  an 
investigation  which  had  already,  even  under  unfavour- 
able circumstances,  achieved  a  fair  measure  of  success. 

It  had  been  shown  beyond  question  that  animal 
life  is  varied  and  abundant,  represented  by  all  the 
invertebrate  groups,  at  depths  in  the  ocean  down  to 
650  fathoms  at  least,  notwithstanding  the  extra- 
ordinary conditions  to  which  animals  are  there 
exposed. 

It  had  been  determined  that,  instead  of  the  water 
of  the  sea  beyond  a  certain  depth  varying  according 
to  latitude  having  a  uniform  temperature  of  4t  C,  an 
indraught  of  Arctic  water  may  have  at  any  depth 
beyond  the  influence  of  the  direct  rays  of  the  sun  a 
temperature  so  low  as  —  2"*  C. ;  or  on  the  other  hand, 
a  warm  current  may  have  at  any  moderate  depth  a 
temperature  of  6*''5  C. :  and  it  had  been  shown  that 
great  masses  of  water  at  different  temperatures  are 
moving  about,  each  in  its  particular  course ;  main- 
tainins^  a  remarkable  svstcm  of  oceanic  circulation, 
and  yet  keepinp;  so  distinct  from  one  another  that 
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an  hour's   sail  may  be   sufHcient  to   ])ass  from  the 
extreme  of  beat  to  the  extreme  of  cold. 

Finally,  it  had  been  shown  that  a  large  proportion 
of  the  forms  living  at  great  depths  in  the  sea  belong 
to  species  hitherto  unknown,  and  that  thus  a  new 
field  of  boundless  extent  and  great  interest  is  open 
to  the  naturalist.  It  had  been  further  shown  that 
many  of  these  deep-sea  animals  are  specifically  identi- 
cal with  tertiary  fossils  hitherto  believed  to  be  extinct, 
while  others  associate  themselves  with  and  illustrate 
extinct  groups  of  the  fauna  of  raore  remote  periods ; 
as,  for  example,  the  vitreous  sponges  illustrate  and 
unriddle  the  ventriculites  of  the  chalk. 
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APPENDIX   A. 


Particulars  of  Depth,  Temperature,  and  Position  at  the  various 
Dredging  Statmis  of  H.M.S,  *  Lightning*  in  the  Summer  of 
1868;  the  Tempcraturca  corrected  for  pressure. 
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Number  '  Depth  in  Bottom  ,  Surface 
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CHAPTER  III. 

THE    CEUISES   OF    THE    *  PORCUPINE.' 

The  Equipment  of  the  Vessel. — The  first  Cruise,  under  the  direction 
of  Mr.  Gwyn  Jeffreys,  off  the  West  Coast  of  Ireland  and  in  the 
Channel  between  Scotland  and  Kockall. — Dredging  carried  down 
to  1,470  fathoms. — Change  of  Arrangements. — Second  Cruise;  to 
the  Bay  of  Biscay. — Dredging  successful  at  2,435  fathoms. — Third 
Cruise  ;  in  the  Channel  between  Fs&roe  and  Shetland. — ^The  Fauna 
of  the  '  Cold  Area.' 

Appendix  A. — Official  Documents  and  Official  Accounts" of  preliminary 
Proceedings  in  connection  with  the  Explorations  in  H.M.  Survey- 
ing-vessel 'Porcupine,'  during  the  Summer  of  1869. 

Appendix  B. — Particulars  of  Depth,  Temperature,  and  Position  at  the 
various  Dredging  Stations  of  H.M.S.  *  Porcupine,'  in  the  Summer 
of  1869. 

*♦*  The  bracketed  numbers  to  the  looodeuts  in  this  chnpier  refer  to  the  dredging 

stations  on  Plates  IL,  III,,  and  1 V. 

On  the  18th  of  March,  1869,  an  oral  communication 
was  made  by  the  Hydrographer  to  the  Navy  that  the 
Lords  Commissioners  of  the  Admiralty  had  acceded 
to  the  wish  of  the  Council  of  the  Royal  Society,  and 
that  H.M.  Surveying-vessel  *  Porcupine'  had  been 
assigned  for  the  service. 

The  equipment  of  the  *  Porcupine'  progressed  rapidly 
under  the  direction  of  her  commander,  Captain  Calver, 
with  the  careful  superintendence  in  all  matters  bearing 
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upon  the  efficiency  of  the  scientific  appliances,  of 
Dr.  Carpenter  assisted  by  a  committee  composed 
of  the  officers  and  a  few  of  the  members  of  the  Royal 
Society.  The  '  Porcupine/  though  a  small  vessel,  was 
well  suited  for  the  work  ;  thoroughly  seaworthy,  very 
steady,  and  fitted  up  for  surveying  purposes.  Captain 
Calver  and  his  officers  had  long  been  engaged  in  the 
arduous  and  responsible  duty  of  conducting  the  sur- 
vey of  the  east  coast  of  Britain,  and  were  trained  to 
minute  accuracy  and  thoroughly  versed  in  the  use  of 
instruments  and  in  the  bearings  of  scientific  investi- 
gation. The  crew  were  chiefly  known  and  tried  men, 
Shetlanders  who  had  spent  many  successive  summers 
in  the  *  Porcupine '  under  Captain  Calver' s  command ; 
returning  to  their  homes  in  Shetland  for  the  winter, 
while  the  vessel  was  laid  up  and  the  officers  employed 
in  bringing  up  their  office  work  at  their  head-quarters 
in  Sunderland. 

The  working  of  the  dredge  was  superintended 
throughout  by  Captain  Calver,  whose  trained  ability 
very  early  gave  him  so  complete  a  mastery  over  the 
operation  that  he  found  no  difficulty  in  carrying  it 
down  to  depths  at  which  this  kind  of  exploration 
would  have  been  previously  deemed  out  of  the  ques- 
tion. It  is  impossible  to  speak  too  highly  of  the  skill 
he  displayed,  or  too  warmly  of  the  sympathy  he  showed 
in  our  work.  It  is  a  pleasure  to  add  that  the  other 
officers  of  the  '  Porcupine,'  Staff-Commander  Inskip, 
Mr.  Davidson,  and  Lieutenant  Browning,  most  heartily 
and  zealously  seconded  their  commander  in  promoting 
alike  the  scientific  objects  of  the  expedition  and  the 
welfare  and  comfort  of  all  who  were  engaged  in  carry- 
ing them  out. 
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As  it  was  intended  that  the  exploration  in  the 
*  Porcui^ine '  in  the  summor  of  1869  should  occupy 
much  more  time,  and  if  possible  be  much  more 
thorough  than  tliat  in  the  *  Ijightning '  the  year 
before,  the  preparations  for  the  '  Porcupine '  expedi- 
tion were  much  more  elaborate  and  comprehensive. 
The  Committee  of  the  Royal  Society  were  desirous 
that  various  important  questions  as  to  the  physical 
condition  and  chemical  composition  of  the  water  at 
f^reat  depths  should  be  investigated  ;  and  the  singular 
temperature  results  of  the  former  cruise  ably  discussed 
by  Dr.  Carpenter  in  his  preliminary  report  had  excited 
so  much  curiosity  and  interest  that  their  further  elu- 
cidation was  regarded  as  vieing  in  importance  with 
that  of  the  distribution  and  conditions  of  animal  life. 
It  was  consequently  decided  tliat  the  naturalists  direct- 
ing the  expedition  should  be  accompanied  by  assistants 
trained  in  chemical  and  physical  work,  and  the  chart- 
room  of  the  vessel  was  fitted  up  as  a  temporary 
laboratory,  with  physical  and  chemical  apparatus  and 
microscopes. 

The  vessel  was  available  from  the  beginning  of 
May  to  the  middle  of  September,  and  as  it  was  im- 
possible for  those  who  had  conducted  the  previous 
expedition  to  be  absent  so  long  from  their  public 
duties,  it  was  resolved  to  have  three  separate  cruises ; 
and  Mr.  Gwyn  Jeffreys,  F.R.S.,  whose  co-operation 
was  specially  valuable  from  his  thorough  knowledge 
of  the  species  and  distribution  of  recent  and  fossil 
mollusca,  was  associated  with  Dr.  Carpenter  and 
myself,  and  undertook  the  scientific  charge  of  the 
first  cruise. 

Mr.  Gwyn  Jcff^reys  was  accompanied  by   Mr.  W. 
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Lant  Carpenter,  B.Sc,  as  chemist  and  physicist ;  aiul 
during  the  first  cruise  they  explored  the  west  coast  of 
Ireland,  the  Porcupine  Bank,  and  the  channel  between 
Rockall  and  the  coast  of  Scotland.  It  was  originally 
arranged  that  the  second  expedition,  under  the  charge 
of  the  writer  with  the  assistance  of  Mr.  Hunter, 
M.A.,  F.C.S.,  assistant  in  the  Chemical  Laboratory  in 
Belfast,  in  the  physical  department,  should  take  up 
the  ground  to  the  north  of  Rockall,  leading  northwards 
to  the  point  where  we  had  left  oif  the  year  before; 
but  subsequently,  for  reasons  which  will  be  explained 
hereafter,  we  altered  our  plan  and  took  the  second 
cruise  in  the  Bay  of  Biscay.  Dr.  Carpenter  took  the 
direction  of  the  last  cruise,  in  which  we  carefully 
worked  over  the  '  Lightning  channel,'  and  checked 
our  previous  obsei'vations ;  Mr.  P.  Herbert  Carpenter, 
our  former  companion  in  the  *  Lightning,'  doing  the 
analyses  of  water,  and  determining  the  amount  and 
composition  of  its  contained  air;  while  I  went  as 
supernumerary  and  made  myself  generally  useful. 

The  special  appliances  and  apparatus  which  were 
prepared  under  Dr.  Carpenter's  superintendence,  after 
much  consultation  among  experts  in  different  depart- 
ments, for  carrying  out  the  various  investigations,  will 
be  described,  each  in  its  place,  when  describing  the 
several  methods  of  investigation  and  their  general 
results. 

For  the  management  of  the  dredging  operations 
two  assistants  were  appointed  on  the  recommendation 
of  Mr.  Gwyn  Jeffreys, — Mr.  Laugh rin,  of  Polperro, 
an  old  coast-guard  man  and  an  associate  of  the  Lin- 
nsean  Society,  for  dredging  and  sifting ;  and  Mr.  B. 
S.  Dodd,  for  picking  out,  cleaning,  and  storing  the 
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specimens   procured.     Both  remained  with   us    the 
whole  summer. 

The  first  cruise  of  the  '  Porcupine '  under  the  scien- 
tific charge  of  Mr.  Gwyn  Jeffreys  commenced  on  the 
18th  of  May  and  ended  on  the  13th  of  July.  It  ex- 
tended for  a  distance  of  about  450  miles  along  the 
Atlantic  coasts  of  Ireland  and  Scotland,  from  Cape 
( -lear  to  Rockall ;  and  included  Lough  Swilly  and 
Lough  Eoyle  and  the  North  Channel  to  Belfast. 

The  first  dredgings  were  made  about  40  miles  off 
Valentia,  in  110  fathoms  water  with  a  bottom  of 
mud  and  sand.  The  result  of  this  dredging  gives  a 
fair  idea  of  the  fauna  of  the  100-fathom  line  on  the 
west  coast  of  Irehmd.  The  moUusca  are  mostly 
northern  species,  such  as  Neceva  rostrata^  Sprenglbr; 
Verticordia  abt/ssicolay  Jeffreys;  Dentalium  abya- 
«orww,  Sars;  Buccmum  hiimphref/siantaHy 'BEH^ii^'ETr ; 
and  Plenrotoma  carinatum,  Bivona.  Some  however, 
as  Ostrea  cochlear^  PoLi ;  Aporrhcns  aerresianusy 
]\Iiciiaud;  Mtirex  lamellosusy  Cristofori  and  Jan; 
and  Trochus  granulatusy  Born, — are  Mediterranean 
forms,  and  impart  somewhat  of  a  southern  character 
to  the  assemblage.  Ciclaris  pcqnllata^  Leske  ;  Echi^ 
nns  rarispinay  G.  O.  Sars;  E  elegans^  D.  and  K. ; 
Spalangus  raschi^  Loven  ;  and  several  varieties  of 
Caryophyllia  borealis^  Fleming,  were  abundant : 
l)ut  these  species  seem  to  abound  at  a  depth  of  from 
100  to  200  fathoms  from  the  Mediterranean  to  the 
North  Capo. 

After  coaling  at  Gal  way  they  proceeded  southwards, 
and  as  the  weather  was  very  rougli  and  unpromising 
tliey  dredged  in  shallow  water,  from  20  to  40  fathoms, 
in  Dinglo  Bay :  and  the  next  week,  with  improving 
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weather,  off  Valentia  and  between  Valentia  and 
Galway,  at  depths  varying  from  80  to  808  fathoms 
(Station  2),  with  a  temperature  at  the  latter  depth  of 
5°-2  C.  The  general  character  of  the  fauna  was  that 
which  we  have  hitherto  been  in  the  habit  of  regarding 
as  Northern.  Several  interesting  things  were  met 
with — Nncula  tiimidnla.  Malm.;  Zedajriffida, Torei.1.; 
Verticordia  ahyasicola,  .Jeffreys  ;  and  Sipkoiwdenia- 
lium  quinquangtilm-e,  Forbes.  Among  the  echino- 
derms  a  multitude  of  the  large  form  oijickinas  norve- 


gicus,  D.  and  K.,  which  I  am  now  inclined  to  regard, 
along  with  several  of  its  allies,  as  a  mere  variety  of 
E.  flemingii.  Ball  ;  and  the  fine  asterid  already 
mentioned,  Brishiga  coronata,  G.  O.  Sars.  Some 
interesting  crustaceans,  including  Gonoplax  rhom- 
boides.  Fab.  (Fig.  8),  a  well-known  Mediterranean 
species,  and  a  young  specimen  of  Geryon  tridene, 
Kroter  (Fig.  9),  a  rare  Scandinavian  foi-m,  and  the 
only  known  North  European  brachyurous  crustacean 
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which  had  not  previously  been  taken  in  the  British 
seas. 

Here  the  Miller-Casella  thermometers  were  tried 
for  the  first  time  and  compared  with  those  of  the 
ordinary  construction.  The  minimum  recorded  by 
one  of  the  former  was  5°*2  C,  while  that  recorded  by 
one  of  the  best  ordinary  instruments  of  the  Hydro- 
graphic  Office  pattern  was  7°'3  C.  As  this  difference 
of  2°  C.  was  almost  exactly  what  the  results  of  the  ex- 
periment previously  made  had  indicated  as  the  effect 


of  a  pressure  of  1  ton  on  the  square  inch,  which  is 
about  equal  to  the  pressure  of  a  column  of  sea-water 
of  800  fathoms,  this  close  coincidence  gave  great 
confidence  in  the  practical  working  of  the  protected 
instrument,  a  confidence  which  all  subsequent  ex- 
perience has  fully  justified. 

Mr.  Gwyn  Jeffreys  and  his  companions  next  pro- 
ceeded to  examine  the  sea-bed  between  Galway  and 
Porcupine  Bank,  a  shoal  discovered  during  one  of 
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the  previous  cruises  of  our  little  vessel  under  the 
command  of  Lieut.  Hoskyn,  R.N.  The  deepest 
dredging  of  this  excursion  was  1,230  fathoms,  with 
a  minimum  temperature  of  S'*^ C,  and  a  bottom  of 
fine  grey  mud  with  a  considerable  admixture  of 
sand.  Animals  were  abundant  even  at  this  great 
depth  :  among  the  moUusca  several  new  forms  allied 
to  Area;  Trochus  mh?nti8»imt(Sy  Mighel,  a  North 
American  species ;  and  several  others ;  several  crus- 
taceans, and  many  interesting  foraminifera.  As  in 
previous  dredgings  in  deep  water,  the  miliolines  were 
of  very  large  size,  and  the  large  cristellarians  showed 
eveiy  gradation  in  their  axis  of  growth  from  the 
rectilineal  to  the  spiral.  In  the  shallower  dredgings 
of  this  cruise  the  general  character  of  the  fauna  was 
much  the  same  as  before.  It  had  what  we  have  been 
in  the  habit  of  considering  a  northern  *  facies,'  but 
probably,  as  already  explained,  because  the  largely 
extended  deep-water  fauna  at  a  temperature  of 
0"  to  +  3°C.,  of  which  it  forms  a  part,  has  hitherto 
only  been  investigated  off  the  coast  of  Scandinavia, 
where  it  crops  up  within  reach  of  observation. 

Limopaia  aurita^  BROCcni ;  Area  glaeialisj  Gray  ; 
Vertieordm  abyssieola^  Jeffreys;  Dentalium  abya^ 
sarum,  Sars  ;  Troehus  elnereuSy  Da  Costa  ;  Fusva 
deapeelnsj  L. ;  F.  islandieuSy  Chem.  ;  F.  fenestratus, 
TuRT ;  Columbella  haliceeti^  Jeffreys  ;  Cidctris  papil- 
lata,  Leske  ;  Eehinua  norvegiens,  D.  and  K. ;  and 
Lophohelia  prolifera,  Pallas,  were  found  in  these 
dredgings. 

The  *  Porcupine '  next  put  into  Killibegs  Bay,  on 
the  north  coast  of  Co.  Donegal,  and  coaled  there  for 
her  trip  to  Rockall.     As  it  was  anticipated  that  tliis 
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trip  would  require  a  clear  fortnight,  as  much  coal  was 
stacked  on  deck  as  was  considered  prudent. 

This  cruise  was  entirely  successful.  The  weather 
was  remarkably  fine,  and  Mr.  Gwyn  Jeffreys'  party 
found  it  possible  to  work  the  dredge  during  seven 
days  at  depths  exceeding  1,200  fathoms,  and  on  four 
days  at  less  depths.  The  greatest  depth  achieved  was 
1,476  fathoms  (Station  21),  and  this  dredging  yielded 
mollusca,  a  stalked-eyed  crustacean  with  unusually 
large  eyes,  and  a  fine  specimen  of  Holothuria  iremula. 

The  deep  dredgings  in  this  trip  yielded  an  abund- 
ance of  novel  and  most  interesting  results  in  every 
sub-kingdom  of  the  invertebrates.  Among  the  mol- 
lusca were  valves  of  an  imperforate  brachiopod,  with 
a  septum  in  the  lower  valve,  which  Mr.  Jeffreys 
proposes  to  name  Atrelia  gnomon.  Among  the  Crus- 
tacea were  new  species  of  the  Diastylidcej  and  many 
forms  of  laopoda,  Amphipoda^  and  Ostracoda^  several 
of  them  new  to  science. 

Two  or  three  specimens  were  obtained  at  a  depth 
of  1,215  fathoms  (Station  28)  of  a  very  remark- 
able echinoderm  belonging  to  the  genus  Pour- 
talesia^  A.  Ag.  All  these  specimens  were  appa- 
rently immature,  judging  by  tlie  condition  of  the 
ovaries.  I  have  named  this  species  provisionally 
Pourtalesia  phiqle.  After  careful  consideration  I 
have  come  to  the  conclusion  that  it  is  not  the 
young  of  a  form  of  which  we  afterwards  took  a 
mature  example  in  the  cold  area  between  Faeroe  and 
Shetland  (Station  6i),  which  will  be  described  here- 
after. Fine  corals  were  constantly  dredged  in  the 
more  moderate  depths,  particularly  great  living  masses 
of  Lophohelia  prolifera  (Fig.  30),  with  smaller  tufts 
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of  Ainphihelia  ramea,  and  everywhere  the    sevraral 
varieties  of  Caryophyllia  borealis. 

The  foraminifera,  as  before,  were  remarkable  for 
their  size,  and  the  same  types  were  predominant ; 
but  species  were  here  obtained  for  the  first  time  of  a 


peeuharly  interesting  Orbitolite,  a  type  not  hitherto 
discovered  farther  north  than  the  Mediterranean, 
and  there  attaining  a  comparatively  small  size. 
OrbiloUtea  tenuiaaimua,  Carpenter  MSS.  (Fig.  10), 
is  when  complete  about  the  size  of  a  sixpence,  and  as 
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thin  as  paper.  From  its  extreme  tenuity  and  the 
ease  with  which  the  rings  of  chamberlets  of  which 
it  is  composed  separate  from  one  another,  all  our 
large  specimens  were  more  or  less  injured.  All 
the  chamberlets  are  on  the  same  plane;  this  si;)e- 
cies  therefore  belongs  to  the  *  simple  type '  of  the 
genus,  though  the  form  of  the  chamberlets  corre- 
sponds, as  Dr.  Carpenter  has  pointed  out,  with  those 
of  the  superficial  layer  in  the  complex  type.  Another 
peculiarity  which  Dr.  Carpenter  regards  as  of  special 
importance  in  its  general  bearings,  is  that,  instead  of 
commencing  with  a  *  central '  and  '  circumambient ' 
chamber  like  the  ordinary  Orbitoliles,  tliis  form  com- 
mences with  a  spine  of  several  turns  like  that  of  a 
young  Cormi^piraj  thus  showing  the  fundamental 
conformity  of  this  cyclical  type  to  the  spiral  plan  of 
growth.* 

As  I  have  already  mentioned,  it  was  the  original 
intention  to  devote  the  second  cruise  to  the  exploration 
of  an  area  to  the  west  of  the  outer  Hebrides,  between 
Rockall  and  the  south-western  limit  of  last  year's 
work  in  the  *  Lightning.'  During  the  first  cruise 
however  dredging  had  been  carried  down  successfully 
to  a  depth  of  nearly  1,500  fathoms ;  and  the  result 
so  far  realized  our  anticipations,  and  confirmed  the 
experience  of  last  year.  The  conditions  (to  that 
great  depth  at  all  events)  were  consistent  with  the  life 

^  Researches  on  the  Foraniinifera.  Part  T.  In  the  Philosophical 
Transactions  of  the  Royal  Society  of  London  for  the  year  1855. 
P.  193  6-/  seq. 

Introduction  to  the  Study  of  the  Foraminifera.  Ry  William  R. 
Carpenter,  M.D.,  F.R.S.,  F.L.S.,  F.G.S.,  kc.  Published  for  the  Riiy 
Society,  18G2.     P.  106  et  serj. 
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of  all  tlie  types  of  marine  invertebrata ;  though 
undoubtedly  in  very  deep  water  the  number  of  species 
procured  of  the  higher  groups  was  greatly  reduced, 
and  in  many  cases  the  individuals  appeared  to  be 
dwarfed.  From  these  observations  (which  tlioroughly 
corroborated  those  of  Dr.  Wallich  and  others,  about 
which  there  had  been  some  ditFerence  of  opinion  on 
account  of  the  imperfection  of  the  appliances  at  the 
command  of  the  observers),  we  concluded  that  prob- 
ably in  no  part  of  the  ocean  were  the  conditions  so 
altered  by  depth  as  to  preclude  the  existence  of 
animal  life, — that  life  had  no  bathvmetrical  limit. 
Still  we  could  not  consider  the  question  thoroughly 
settled ;  and  when  upon  consultation  with  Captain 
Calver  we  found  him  perfectly  ready  to  attempt  any 
depth,  and  from  his  previous  exiierience  sanguine  of 
success,  we  determined  to  apply  to  the  llydrographer 
to  sanction  an  attemi)t  to  dredge  in  the  deejDCst  sound- 
ings within  our  reach,  viz.  2,500  fathoms  indicated 
on  the  chart  250  miles  west  of  Usliant.  The  deepest 
reliable  soundings  do  not  go  much  beyond  3,000 
fathoms;  and  we  felt  that  if  we  could  establish  the 
existence  of  life,  and  if  we  could  determine  the 
conditions  with  accuracy  down  to  2,500  fathoms,  the 
general  question  would  be  virtually  solved  for  all 
depths  of  the  ocean,  and  any  further  investigation  of 
its  deeper  abysses  would  be  mere  matter  of  curiosity 
and  of  detail.  The  Hydrographer  cordially  acquiesced 
in  this  change  of  plan ;  and  on  the  17th  of  July  the 
*  Porcupine'  left  Belfast  under  the  scientific  direction 
of  the  writer ;  Mr.  Hunter,  F.C.S.,  Chemical  Assistant 
in  Queen's  College,  Belfast,  taking  charge  of  the 
examination  and  analysis  of  the  sea- water. 
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The  weather  was  very  settled.  On  the  Sunday,  as 
we  steamed  down  the  Irish  Channel  there  was  nearly 
a  dead  calm,  a  slight  mist  hanging  over  the  water 
and  giving  some  very  beautiful  effects  of  coast 
scenery.  On  the  evening  of  Sunday  the  18th  we 
anchored  for  the  night  off  Ballycottin,  a  pretty  little 
port  about  fifteen  miles  from  Queenstown,  and 
dropped  round  to  Queenstown  on  Monday  morning, 
where  we  anchored  off  Haulbowline  Island  at  7  a.m. 
At  Queenstown  Mr.  P.  Herbert  Carpenter  joined 
Mr.  Hunter  in  the  laboratory,  to  practise  under  his 
direction  the  gas-analysis,  which  it  had  been  arranged 
that  he  should  undertake  during  the  third  cruise. 
Monday  the  18th  was  employed  in  coaling  and  pro- 
curing in  Cork  some  things  which  were  required  for 
the  chemical  department ;  and  at  7  p.m.  we  cast  off 
from  the  wharf  at  Haulbowline  and  proceeded  on  our 
voyage. 

During  Monday  night  we  steamed  in  a  south- 
westerly direction  across  the  mouth  of  the  Channel. 
On  Tuesday  we  dredged  in  74  and  75  fathoms  on  the 
plateau  which  extends  between  Cape  Clear  and  TJshant, 
on  a  bottom  of  mud  and  gravel  with  dead  shells  and 
a  few  living  examples  of  the  generally  diffused  species 
of  moderate  depths.  The  weather  was  remarkably 
fine,  the  barometer  3025  in.,  and  the  temperature  of 
the  air  22^-5  C. 

On  Wednesday,  July  21,  we  continued  our  south- 
westerly course,  the  chart  indicating  during  the  earlier 
part  of  the  day  that  we  were  still  in  the  shallow 
water  of  the  plateau  of  the  Channel.  At  430  a.m. 
we  dredged  gravel  and  dead  shells  in  95  fathoms,  but 
towards  mid-day  the  lead  gave  a  mucli  greater  dopth  ; 
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and  in  the  afternoon,  rapidly  passing  over  the  edge 
of  the  plateau,  we  dredged  in  725  fathoms  with  a 
bottom  of  muddy  sand  (Station  36).  This  is  about 
the  bathymetrieal  horizon  at  which  we  find  the 
vitreous  Sponges  in  the  northern  area ;  and  although 
the  bottom  is  here  very  different,  much  more  sandy 
with  but  a  slight  admixture  of  globigerina  ooze,  we 
dredged  a  specimen,  tolerably  perfect  though  dead, 
of  Aphrocallistea  bocagei^  Wright,  a  vitreous  sponge 
lately  described  by  Dr.  E.  Perceval  Wright  from  a 
specimen  procured  by  Professor  Barboza  de  Bocage 
from  the  Cape- Verde  Islands,  and  one  or  two  small 
specimens  oiHoltenia  carpenter iy  Wy.  T.  The  muddy 
sand  contained  a  considerable  proportion  of  gravel 
and  dead  shells. 

On  Thursday,  July  22,  the  weather  was  still  re- 
markably fine.  The  sea  was  moderate,  with  a  slight 
swell  from  the  north-west.  We  sounded  in  lat.  47**  38' 
N.,  long.  12'  08'  W.,  in  a  depth  of  2,435  fathoms 
(Station  37),  when  the  average  of  the  Miller-Casella 
thermometers  gave  a  minimum  temperature  of 
2^-5  C. 

As  this  was  about  the  greatest  depth  which  we  had 
reason  to  expect  in  this  neighbourhood,  we  prepared 
to  take  a  cast  of  the  dredge.  This  operation,  rather 
a  serious  one  in  such  deep  water,  will  be  described 
in  detail  in  another  chapter.  It  was  perfectly  suc- 
cessful. The  dredge-bag  which  was  safely  hauled 
on  deck  at  1  o'clock  on  the  morning  of  the  23rd, 
after  an  absence  of  7^  hours  and  a  journey  of  up- 
wards of  eight  statute  miles,  contained  li  cwt.  of 
very  characteristic  grey  chalk-mud.  The  dredge 
appeared   to   have    dipped    rather    deeply    into    the 
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soft  mud,  as  it  contained  a^iorphous  paste  with  but 
a  small  proportion  of  frc^sh  shells  of  Globigerina 
and  OrbuUna.  There  was  an  appreciable  quantity 
of  diffused  amorphous  organic  ma  ,ter,  which  we 
were  inclined  to  regard  as  connected,  whether  as 
processes,  or  *  mycelium,'  or  germs,  with  the  various 
shelled  and  shell-less  Protozoa,  mixed  very  likely 
with  the  apparently  universally  distributed  moner 
of  deep  water,  Bathyhiii^. 

On  careful  sifting,  the  ooze  was  found  to  contain 
fresh  examples  of  each  of  the  Invertebrate  sub-king- 
doms. When  examined  at  daylight  on  the  morning 
of  the  23rd  none  of  these  were  actually  living,  but 
their  soft  parts  were  perfectly  fresh,  and  there  was 
ample  evidence  of  their  having  been  living  when  they 
entered  the  dredge.  The  most  remarkable  species 
were :  — 

Mollusc  A. — Dentaliimiy  sp.  n.,  of  large  size. 

JPecten  fenestratus^   Fokbes,    a    Mediterranean 

species. 
Dao^dium  vitreuniy  Torell  ;  Arctic,  Norwegian, 

and  Mediterranean. 
Scrobicularia     nitida,     Muller  ;      Norwegian, 

British,  and  Mediterranean. 
NecBva  obesa,  Lov^n  ;  Arctic  and  Norwegian. 
Crustacea. — Anonyx  holbollii,  Kroyer  {-=A.  den- 
ticulatuSf  Bate),  with  the  secondary  appendage 
of  the  upper  antennsB  longer  and  more  slender 
than  in  shallow- water  specimens. 
Ampelisca  asquicomis^  Bruzelius. 
Munna^  sp.  n. 
One  or  two  Annelides  and  Gephyrea,  which  have 
not  yet  been  determined. 
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EcHiNODERMATA. — Opliiocten  sericeum^  Forbes  ; 
several  well-growii  specimens. 
Echinocticumis  typica^  Sars.  This  seems  to  be  a 
very  Widely  distributed  species ;  we  got  it  in 
almost  all  our  deep  dredgings,  both  in  the 
warm  and  in  the  cold  areas. 

A  remarkable  stalked  crinoid  allied  to  Hhizocrinva, 
but  presenting  some  very  marked  differences. 

PoLYZOA. — SalhoDiariay  sp.  n. 

CcELENTERATA.  —  Two  fragments  of  a  hydroid 
zoophyte. 

Protozoa. — Numerous  foraminifera  belonging  to 
the  groups  already  indicated  as  specially  charac- 
teristic of  these  abyssal  waters;  together  with  a 
branching  flexible  rhizopod,  having  a  chitinous  cortex 
studded  with  globigerinse,  which  encloses  a  sarcodic 
medulla  of  olive-green  hue.  This  singular  organism, 
of  which  fragments  had  been  detected  in  other  dredg- 
ings, here  presented  itself  in  great  abundance. 

One  or  two  small  Sponges,  which  seem  to  be 
referable  to  a  new  group. 

On  Friday,  July  23,  we  tried  another  haul  at  the 
same  depth  ;  but  when  the  dredge  came  up  at  1.30  p.m. 
it  was  found  that  the  rope  had  fouled  and  lapped  right 
round  the  dredge-bag,  and  that  there  was  nothing  in 
the  dredge.  The  dredge  was  sent  down  again  at  3  p.m., 
and  was  brought  up  at  11  p.m.,  with  upwards  of 
2  cwt.  of  ooze. — We  got  from  this  haul  a  new 
species  of  Pleurotoma  and  one  of  DeniaUum; 
Scrohictilaria  7iitiday  MIjller;  Dacrydiitm  viireum^ 
Torell;  Ophiacantha  spimdosay  M.  and  T.  ;  and 
Opliiocten  krdyeri^  Lijtkex;  with  a  few  crustaceans 
and  many  foraminifera.  ^ 

n 
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In  both  of  these  last  deep  dredgings  the  dredge 
brought  up  a  large  number  of  extremely  beautiful 
Poli/cystina^  and  some  forms  apparently  intermediate 
between  Polycyatina  and  Sponges,  which  will  be 
described  shortly.  These  organisms  did  not  seem  to 
be  brought  from  the  bottom,  but  appeared  to  be  sifted 
into  the  dredge  on  its  way  up.  They  were  as  numerous 
adhering  to  the  outside  of  the  dredging-bag  as  within 
it.  During  the  soundings  taken  near  tliis  locality 
quite  a  shower  of  several  beautiful  species  of  the 
Folycystina  and  Acanthometrina  fell  upon  the  chart- 
room  skylight  from  the  whole  length  of  the  sounding- 
line  while  it  was  being  hauled  in. 

We  were  now  steaming  slowly  back  towards  the 
coast  of  Ireland;  and  on  Monday,  July  26,  we 
dredged  in  depths  varying  from  557  to  584  fathoms 
(Stations  39-41)  in  ooze,  with  a  mixture  of  sand  and 
dead  shells.  In  these  dredgings  we  got  one  or  two 
very  interesting  alcyonarian  zoophytes,  and  several 
ophiurideans,  including  Ophiothrix  fragilis^  Amphinra 
hallii^  and  Ophiacantha  s2)mulosa.  Many  of  the 
animals  were  most  brilliantly  phosphorescent,  and  we 
were  afterwards  even  more  struck  by  this  phenomenon 
in  our  northern  cruise.  In  some  places  nearly  eveiy- 
thing  brought  up  seemed  to  emit  light,  and  the  mud 
itself  was  perfectly  full  of  luminous  specks.  The 
alcvonarians,  the  brittle-stars,  and  some  annelids 
were  the  most  brilliant.  The  Fennatitlce^  the  Virgti- 
Iffruey  and  the  Gorgonice  shone  with  a  lambent  white 
light,  so  bright  that  it  showed  quite  distinctly  the 
hour  on  a  watch  ;  while  the  light  from  Ophiaca7itha 
sinnulosa  was  of  a  brilliant  green,  coruscating  from 
the  centre  of  the  disk,  now  along  one  arm,  now  along 
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another,  and  sometimes  vividly  illuminating  the  whole 
outline  of  the  star-fish. 

On  the  27th  we  dredged  in  862  fathoms  (Station  42), 
ihe  w^eather  being  still  very  fine,  and  the  sea  quite 
smooth.  The  bottom  was  ooze,  with  sand  and  dead 
shells.  Among  the  Mollusca  procured  were  a  new 
species  of  Pleuronectia,  Leda  abyssicola  (Arctic),  Leda 
messinensis  (a  Sicilian  tertiary  fossil),  Dentalimn 
gigas  (sp.  n),  Si2)honodentaliHm  (sp.  n.),  CeriUihmi 
metula,  Amaura  (sp.  n.),  Columbella  Iialheeti,  Cylichna 
pyramidata  (Norwegian  and  Mediterranean),  and 
many  dead  shells  of  CavoUna  Irispinosa.  These 
latter  wove  very  common  in  all  the  northern  drcds;- 
ings,  though  we  never  saw  a  living  specimen  on  the 
surface. 

During  the  afternoon  w^e  took  a  series  of  inter- 
mediate temperatures,  at  intervals  of  50  fathoms,  from 
the  bottom  at  802  fathoms  to  the  surface. 

On  the  28th  we  dredged  in  1207  fathoms  (Station 
43),  with  a  bottom  of  ooze.  A  large  Fnsus  of  a  new 
species  {F,  attennalus^  Jeffreys)  was  brought  up  alive, 
with  two  or  three  Gephyrea^  and  an  example  each  of 
Ophiocten  sertcenm  and  Fchhiocttcnmis  typica.  We 
again  dredged  on  the  29th  and  30th,  gradually  draw- 
ing in  towards  the  coast  of  Ireland  in  805,  458,  180, 
and  113  fathoms  successively  (Stations  41,  45).  In 
458  fathoms  (Station  45)  we  procured  a  broken 
example  of  lirisinga  cndecacnefuos^  previously  taken 
by  Mr.  Jelfreys  off*  Valentia,  and  a  number  of 
interesting  Mollusca ;  and  in  458  and  180  fathoms 
(Stations  45  and  -i^ya)  an  extraordinary  abundance  of 
animal  life,  including  many  very  interesting  forms — 
DenUiliiun  abyssornm,  Aporrha'iH  serresianns,  Solarium 

H  2 


100  THE  DEPTHS  OF  THE  SEA.  [chap.  hi. 

Julldciosum,  Fusua  fenestratus^  with  abundance  of 
CaryophylUa  borealis^  and  all  the  ordinary  deep- 
water  forms  of  the  region. 

The  last  station,  45a,  gave  us  a  most  singular  as- 
semblage of  Ophiurideans .  Ophioglypha  lacertosa 
was  in  large  numbers  and  of  extraordinary  size,  and 
associated  with  it  were  two  most  conspicuous  species, 
new  to  science ;  one  a  large  species  of  Ophiothrixj 
coming  near  O.  fragilis^  but  of  much  larger  size ; 
the  disk  in  the  larger  specimens  25  mm.  in 
diameter,  and  the  span  from  tip  to  tip  of  the  rays 
275  mm.  The  colours  of  the  disk  are  very  vivid, 
purple  and  rose ;  and  all  the  plates  of  the  disk,  and 
the  dorsal  plates  of  the  arms,  are  studded  with 
delicate  spines.  Notwithstanding  its  totally  diflFerent 
aspect,  I  had  a  misgiving  that  this  might  yet  prove 
only  an  extreme  variety  of  O.  fragilis.  My  friend 
Dr.  LtJTKEN,  however,  protests  that  it  is  totally 
distinct.  On  such  a  question  I  bow  to  his  authority, 
and  dedicate  it  to  him,  doubts  and  all,  under  the  name 
of  Ophiothrix  lUtkeni.  The  second  novelty  was  a  fine 
species  of  Ophiomus^ium. 

About  mid-day  on  Saturday,  the  31st  of  July,  we 
steamed  into  Queenstown.  Having  coaled  at  Haul- 
bowline  on  Monday,  the  2nd  of  August,  we  were 
moored  in  the  Abercorn  Basin,  Belfast,  after  a 
pleasant  return  passage  up  the  channel,  on  the 
evening  of  Wednesday,  the  4th. 

As  it  was  necessary  that  her  boilers  should  be 
thoroughly  cleared  out  after  having  been  so  long  at 
sea,  the  *  Porcupine'  did  not  leave  Belfast  till 
Wednesday,  the  11th  of  August;  when  she  pro- 
ceeded to  Stomoway,  her  final  port  of  departure. 
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The  scientific  staflF  consisted  of  Dr.  Carpenter, 
Mr.  P.  Herbert  Carpenter  (who  had  gone  through  his 
apprenticeship  in  making  analyses  under  unfavourable 
circumstances  in  the  former  cruise  with  Mr.  Hunter, 
and  was  now  prepared  to  undertake  this  task  on  his 
own  account),  and  myself;  and  our  intention  was,  in 
accordance  with  our  original  programme,  to  go  care- 
fully over  again  the  region  wliich  we  had  examined 
in  the  *  Lightning,'  to  test  with  better  appliances  and 
more  trustworthy  instruments  the  singular  distri- 
bution of  temperatures  in  the  *  warm '  and  '  cold  ' 
areas,  to  map  out  as  accurately  as  we  could  the 
paths  of  the  warm  and  cold  currents,  and  to  deter- 
mine the  influences  of  these  currents  upon  the 
character  and  distribution  of  animal  life. 

We  left  Stomoway  on  the  afternoon  of  Sunday 
the  15th  of  August,  and  made  straight  for  the  scene 
of  our  most  successful  *  warm  area '  dredging  of  the 
year  before.  We  were  equally  successful  on  this 
occasion,  and  procured  several  good  specimens  of 
SoUenia^  and  a  beautiful  series  of  Ilyalonema,  ranging 
from  2  mm.  in  length  up  to  30  and  40  centimetres, 
and  thus  giving  all  the  stages  in  the  development  of 
the  wonderful  *  glass  rope,'  and  proving  to  demon- 
stration its  relation  to  the  body  of  the  sponge — 
Dr.  J.  E.  Gray's  so-called  Carteria. 

The  most  interesting  novelty  however  which  re- 
warded us  was  a  very  fine  Echinid  belonging  to  the 
Cidaridse  to  which  I  had  given  the  name  Porocidaria 
purpurata  (Fig.  11).  I  believe  I  am  justified  in 
referring  this  handsome  species  to  the  genus  Poroci- 
darts,  although  in  it  the  special  character  is  absent 
on  which  that  genus  was  founded  by  Desor.     Some 
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*  radioles/  as  the  fossil  si)incs  of  Cidarites  are  usually 
called,  presenting  a  very  marked  character,  liad  been 
found  in  various  formations  from  the  lower  oolite 
upwards.  These  spines  are  paddle-shaped,  compressed, 
longitudinally  grooved,  flattened  almost  into  i)lates, 
and  strongly  serrated  on  the  edges.  In  tlie  numniu- 
litic  beds  of  Val-Dominico  near  Verona  such  spines 
w^ere  found  associated  with  plates  much  res(»mbling 
those  of  Cidaris,  but  with  the  unicjue  peculiarity  of  a 
row  of  holes  penetrating  the  test  in  the  areolar  sj^ace 
round  the  primary  tubercle.  This  character  our  new 
Urchin  does  not  possess,  but  the  radioles  liave  the 
flatness,  the  longitudinal  stria),  and  the  serrated  edges 
of  those  of  Forocidaris. 

I  do  not  attach  much  importance  to  the  perfora- 
tions in  the  plates.  Fi'om  Desor's  figui^es  they  are 
not  round  and  defined  in  outline,  but  lengthened  and 
somewhat  irregular,  and  they  radiate  from  the  inser- 
tion of  the  spine.  Our  species  has  a  set  of  depres- 
sions occupying  the  position  of  these  perforated 
grooves  which  are  undoubtedly  for  the  insertion  of 
the  muscles  moving  the  large  long  s])ines,  and  as  the 
test  is  thin  these  grooves  might  readily  penetrate  the 
plate,  or  so  nearly  penetrate  it  as  to  be  worn  into 
holes  by  very  little  drifting  or  wear. 

Our  I'ecent  species  and  the  eocene  form  have 
another  character  in  common ;  the  areolar  circles 
are  not  well  defined,  and  the  areola?  tend  to  become 
confluent. 

Scattered  plates  only  of  this  genus  have  been 
found  fossil,  and  the  ovarial  plates  were  till  now 
unknown.  They  i)resent  a  very  singular  character, 
which   is   certainlv  of  "generic   value.      The   ovarial 
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aperture  does  not  penetrate  the  plate,  but  perforates 
a  membrane  which  fills  up  a  diamond-shaped  space, 
one-half  of  which  is  cut  out  of  the  outer  edge  of  the 
ovarial  plate  in  the  form  of  a  large  triangular  notch, 
while '  the  other  half  is  formed  by  a  separation  into  a 
like  notch  of  the  two  upper  interradial  plates,  in  the 
middle  line  of  the  interradial  space.  The  charac- 
teristic paddle-shaped  spines  are  ranged  in  several 
rows  round  the  mouth.  The  large  spines  round  the 
equator  of  the  corona  are  diverse  in  form,  some  of 
them  cylindrical,  only  slightly  tapering  towards  the 
tip,  and  otliers  bulging  out  and  thick  near  the  neck 
and  coming  somewhat  rapidly  to  a  sharp  point.  The 
colouring  of  the  animal  is  very  remarkable.  The 
short  spines  covering  the  test  are  of  a  rich  purple, 
and  a  purple  of  even  a  deeper  and  richer  hue  dyes 
about  one-third  of  the  length  of  the  spine,  from  the 
head  of  the  spine  outwards,  ending  abruptly  in  a 
sharply  defined  line.  The  spine  beyond  this  purple 
portion  is  of  a  beautiful  pale  rose  colour.  Two 
mature  examples  of  this  fine  species  were  found,  and 
two  young  ones,  one  nearly  half-grown  and  the  other 
much  smaller. 

We  now  moved  slowly  to  the  northward  towards 
the  Fseroe  Bank,  and  soundings  were  taken  to  fix  as 
closely  as  possible  the  point  of  passage  from  the  warm 
water  into  the  cold  :  a  temperature  sounding  taken  in 
lat.  59'  37',  long.  T  40',  gave  a  depth  slightly  less 
than  that  of  the  *  Holtenia  ground,' — 475  fathoms, — 
with  a  slightly  higher  bottom  temperature,  7'''4  C. ;  and 
at  Station  50,  lat.  59°  54^  long.  T  52^  with  a  depth  of 
335  fathoms,  the  minimum  temperature  had  risen  to 
7'-9  C,    A  sounding  at  Station  51,  lat.  60'  6^  long. 
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8°  11^  gave  440  fathoms,  and  a  bottom  temperature  of 
5°*5  C,  showing  that  we  were  passing  into  another  set 
of  conditions ;  and  at  Station  52,  lat.  60°  25^  long. 
8°  10',  only  a  few  miles  further  on,  with  a  depth  of 
384  fathoms,  nearly  the  same  as  that  of  Station  20, 
tlie  thermometers  recorded  a  minimum  of  —  0°*8  C. 
We  now  altered  our  course  towards  the  east-south- 
east, and,  after  a  run  of  about  25  miles,  sounded  in 
490  fathoms,  with  a  bottom  temperature  of  — 1°1  C. 
The  following  six  stations,  Nos.  54  to  59,  w^ere  all  in 
the  cold  area  with  a  temperature  below  the  freezing- 
point  of  fresh  water.  At  the  last  station,  No.  59,  lat.  60"* 
2V,  long.  5°  4V,  at  a  depth  of  580  fathoms,  the  guarded 
thermometer  recorded  the  lowest  temperature  which 
was  met  with  — 1°-3  C.  While  w^e  were  passing  through 
the  cold  area  and  making  these  observations,  the 
weather  was  extremely  settled  and  fine,  and  under  the 
careful  management  of  Captain  Calver  all  our  appli- 
ances worked  admirably.  The  temperatures  were  noted 
in  every  case  by  tlie  same  pair  of  Miller-Casella  ther- 
mometers, which  were  sometimes  compared  wdth  other 
instruments  and  found  to  give  perfectly  accurate  indi- 
cations, even  after  being  so  frequently  subjected  to 
prodigious  pressure.  The  sounding  instruments  and 
the  dredges  never  failed,  and  an  ingenious  device,  for 
w^iich  w^e  are  indebted  to  our  Captain,  enabled  us 
sometimes  to  multiply  our  prizes  a  hundred-fold.  A 
number  of  tangles  of  teazed-out  hemp,  like  the 
*  swabs '  for  cleaning  the  deck,  were  hung  in  a  way 
which  will  be  explained  hereafter  at  the  bottom  of  the 
dredge.  These  hempen  tangles  swept  by  the  sides  of 
the  dredge,  pulling  along  and  picking  up  everything 
which  was  moveable  and  rough.     As  echinoderms, 
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crustaceans,  and  sponges  were  very  numerous  in  tlie 
cold  area,  the  tangles  often  came  up  absolutely  loaded, 
while  there  was  but  little  within  the  dredge-bag. 

In  the  course  of  the  last  series  of  dredgings 
we  crossed  tlie  position  of  the  bank  on  which  we 
got  large  specimens  of  Terebratula  cranium  in 
so  great  abundance  the  year  before,  but  we  could 
not  find  it.  The  bank  appears  to  be  of  very  limited 
area,  and  both  on  this  occasion  and  on  the  previous 
one  the  sky  was  so  overcast  for  several  days  together, 
just  when  we  were  in  this  neighbourhood,  that  it  was 
impossible  to  fix  the  position  either  of  the  'Lightning' 
or  of  the  '  Porcupine '  by  observation.  A  dead-reckon- 
ing is  of  course  kept  under  great  disadvantages  wluui 
the  vessel  is  drifting  for  the  greater  part  of  the  time 
half  anchored  by  a  dredge. 

From  Station  59  we  proceeded  northward  to  Thors- 
havn,  where  we  were  warmly  received  by  our  kind 
friend  Governor  Holien,  who  had  been  forewarned  of 
our  visit,  and  at  once  came  off  in  his  barge  to  welcome 
us.  Governor  llolten  was  uncommonly  proud  of  this 
barge,  and  he  had  some  reason.  She  was  a  very  hand- 
some trim  boat :  and,  manned  bv  a  dozen  stout  Eieroese 
boatmen  in  their  neat  uniform,  and  with  the  Danish 
ensign  flying  at  the  stern,  and  our  handsome  friend 
muffled  in  his  military  cloak,  and  with  a  thick  hood 
to  keep  out  the  somewhat  palpable  and  intrusive  'cli- 
mate' of  Fit  roe,  she  looked  all  that  could  be  desired. 
"When  the  Governor  came  on  board,  he  proposed  to 
Captain  Calver  to  try  a  race  with  him  for  the  honour 
of  old  England  and  the  white  ensign.  Some  of  us 
wei'C  going  ashore,  and  when  the  Governor  came  up 
from  the  cabin  our  whale-boat  was  lying  alongside 
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with  twelve  blue-jacketed  Shetlanders  sitting  like 
statues,  their  white  oars  glittering  in  the  sun.  The 
Governor  looked  with  the  critical  eve  of  a  sailor  at 
the  two  boats, — he  still  spoke  lovingly  of  the  *  Maid 
of  Fiferoe/  but  I  suppose  he  saw  that,  as  Tennyson 
says,  '  we  were  all  of  us  Danes ; '  and  the  question 
of  a  trial  of  strength  lapsed  l)y  mutual  consent ! 

We  were  obliged  to  remain  a  few  days  at  Thorshavn 
replenishing  in  various  ways,  and  while  there  we  were 
very  anxious  to  have  had  an  opportunity  of  seeing 
Mvlin^  Head — a  mai^nificent  cliff  at  the  north-western 
point  of  Stromce,  which  falls  i)erpondicularly,  even 
sliglitly  overhanging  its  base,  from  a  heiglit  of  upwards 
of  2,000  feet  into  the  sea.  The  tide  runs  among 
and  round  these  islands  like  a  mill-race,  and  the 
Governor  told  us  that  if  Ave  started  with  the  morning 
flood,  and  our  vessel  kept  pace  Avith  the  tide,  we  might 
make  the  circuit  of  the  island,  passing  under  ^Fyling, 
and  returning  to  Thorshavn  in  six  ]u)urs.  If  we  did 
not  carry  the  tide  with  us,  it  became  a  matter  of  dif- 
ficulty only  to  be  achieved  at  considerable  expense 
both  of  fuel  and  time. 

We  found  that  high  water  would  occur  on  tlie  fol- 
lowing Monday,  Aug.  23,  at  4  o'clock  in  the  morning ; 
and  as  the  weather  was  brilliant  up  to  the  evening 
of  Sunday — unusually  brilliant  for  those  regions — Ave 
made  all  our  arrangements  in  high  hope  of  a  pleasant 
trip,  as  Ave  h?.d  persuaded  our  kind  host  and  hostess 
to  accompany  us.  With  the  first  daAvn  of  Monday 
morning  it  Avas  bloAving  and  pouring,  and  Ave  Avere 
obliired  to  defer  our  visit  to  the  celebrated  headland 
to  some  possible  future  opportunity. 

The   next  morning   Avas   fine   again,  and   Ave   left 
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Thorsliavn  about  noon,  steaming  east  by  soutb,  so 
as  to  cross  the  deep  channel  between  Fseroe  and 
Shetland.  Our  first  two  stations  were  on  the  Friferoo 
plateau,  at  depths  a  little  over  a  hundred  fathoms,  but 
the  third  sounding,  taken  in  the  evening  of  the  24th 
at  a  depth  of  317  fathoms,  gave  a  bottom  temperature 
of  — 0'''9  C. ;  we  were  therefore  once  more  in  the  cold 
current.  Having  kept  the  same  course  under  easy 
steam  during  the  night,  we  took  a  sounding  next 
morning,  lat.  61°  21'  N.,  long.  3°  44'  AY.,  at  a  depth  of 
64i0  fathoms,  with  a  bottom  temperature  of  —  1°-1  C. 
A  haul  of  the  dredge  brought  up  rolled  pebbles  and 
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fine  gravel  with  few  animal  forms,  but  among  them 
one  of  extraordinary  interest,  a  large  specimen  of  a 
fine  species  of  the  genus  Pourtaleaia,  a  heart-urchin, 
one  of  whose  congeners  had  been  discovered  by 
M.  de  Pourtales  in  the  gulf-stream  explorations  oif 
the  American  coast,  and  a  second  by  Mr.  Gwyn 
Jeifreys  near  Rockall.  The  present  example  (i'ig- 12) 
was  much  larger  than  either  of  those  previously 
dredged,  and  it  appeared  to  be  specifically  distinct. 

'  I  hnve  the  ]ileaaure  of  dedicating  this  intereHting  epecicB  to  our 
ftccompliahcd  coUesguc,  -T.  Givj-n  Jeffraji,  F.R.>S. 
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The  shell  is  singularly  unlike  that  of  any  other 
known  living  echinoderm.  It  is  about  two  inches  in 
length,  almost  cylindrical,  ending  posteriorly  in  a  blunt 
rostrum,  and  the  anterior  extremity  is  truncated. 
The  surface  of  the  shell  is  covered  with  short 
spatulate  spines,  and  near  the  anterior  end  there  is 
a  kind  of  fringe  of  long  thin  cylindrical  spines,  especi- 
ally congregated  on  the  upper  surface.  The  mouth  is 
at  the  bottom  of  a  deep  anterior  and  inferior  groove, 
and  the  excretory  opening  is  at  tlie  bottom  of  a  pit 
on  the  dorsal  surface,  above  the  terminal  rostrum. 
The  arrangement  of  the  ambulacra  is  most  peculiar. 
The  four  ovarial  openings  and  the  madreporic  tubercle 
are  on  the  dorsal  surface,  just  above  the  truncated 
anterior  end  at  the  base  of  which  the  mouth  lies, 
and  the  three  ambulacral  vessels  of  the  *  trivium'  take 
a  short  course  from  the  oral  vascular  ring,  one  along 
the  centre  of  the  anterior  face,  and  tlie  other  two 
round  its  edges  to  meet  in  a  ring  surrounding  the 
ovarial  openings.  The  two  vessels  of  the  *  bivium  ' 
have  a  very  singular  course.  They  run  back  into 
the  great  posterior  prolongation  of  the  shell,  on  the 
sides  of  which  they  form  long  loops,  sending  conical 
water-feet  through  single  pores  in  long  double  lines  of 
somewhat  irregularly-formed  ambulacral  plates,  which 
finally  converge  in  a  point  a  considerable  distance 
behind  the  point  of  convergence  of  the  three  am- 
bulacra of  the  bivium.  Between  these  two  points  of 
convergence,  which  are  both  on  the  middle  line  of 
the  back,  several  plates  are  intercalated.  We  have 
thus  the  three  anterior  ambulacra  ending  in  their 
ocular  plates,  meeting  at  one  point,  where  there 
are  likewise  four  genital  plates,  and  the  madreporic 
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tubercle;  and  the  two  posterior  ambulacra,  with 
their  ocular  plates,  meeting  at  another  point  and 
forming  a  kind  of  secondary  apex.  The  fifth  genital 
plate  is  obsolete.  The  specially  interesting  point  is 
that,  while  we  had  so  far  as  we  were  aware  no  living 
representative  of  this  peculiar  arrangement  of  what 
is  called  *  disjunct '  ambulacra,  we  have  long  been 
well  acquainted  with  a  fossil  family,  the  DysasteridcB^ 
possessing  this  character.  Many  species  of  the 
genera  Dysastev^  Agassiz,  CollyriteSj  Desmoulins, 
Metaporhimis^  Michelin,  and  Graday  Michelin, 
are  found  from  the  lower  oolite  to  the  white  chalk, 
but  there  the  family  had  previously  been  supposed  to 
have  become  extinct. 

The  next  attempt  was  one  of  our  very  few  entirely 
unsuccessful  hauls,  the  dredge  coming  up  empty. 
This  we  attributed  to  an  increase  of  wind  and  swell, 
and  consequent  drift  on  the  vessel,  which  seemed  to 
have  prevented  the  dredge  from  reaching  the  ground. 

We  devoted  the  morning  to  a  series  of  temperature 
soundings  at  intervals  of  50  fathoms  from  the  surface 
to  the  bottom,  and  this  we  accomplished  in  a  very 
satisfactory  manner,  with  results  which  will  be  fully 
discussed  hereafter.  After  a  rapid  descent  for  the 
first  50  fathoms  the  next  150  fathoms  maintained 
a  high  and  a  tolerably  equable  temperature,  and 
there  was  then  a  rapid  fall  between  200  and  300 
fathoms,  the  thermometer  at  the  greater  depth  indi- 
cating 0°  C.  From  300  fathoms  to  the  bottom  the 
temperature  fell  little  more  than  a  degree.  "  Thus 
the  entire  mass  of  water  in  this  channel  is  nearly 
equally  divided  into  an  upper  and  lower  stratum,  the 
lower  being  (ui  Arctic  stream   of  nearly  2,000  feet 
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deep,  flowing  in  a  south-westerly  direction,  beneath 
an  upper  stratum  of  comparatively  warm  water 
moving  slowly  towards  the  north-east ;  the  lower 
half  of  the  latter,  however,  having  its  temperature 
considerably  modified  by  intermixture  with  the 
stratum  over  which  it  lies."  * 

Our  next  few  dredgings  were  on  the  Shetland 
plateau,  in  depths  under  100  fathoms,  and  over 
ground  already  carefully  worked  by  our  colleague 
Mr.  Gwyn  JeflFreys.  We  got  few  novelties,  but 
owing  to  our  very  effective  dredging  appliances  we 
took  some  of  the  '  Haaf '  rarities,  such  as  Fumis  7107^- 
vegicii^y  CuEMN. ;  Fastis  berniciensis^  King  ;  Plenro- 
toma  cm^inatmuy  Bivona  ;  in  considerable  numbers. 
The  hempen  tangles  stood  us  in  good  stead  with  the 
echinoderms.  On  one  occasion  the  dredge  brought  up 
at  a  single  haul,  in  the  bag  and  on  the  tangles,  cer- 
tainly not  less  than  20,000  examples  of  the  pretty 
little  urchin.  Echinus  iiorvegiciiSy  D.  and  K. 

On  the  28th  of  August  we  anchored  in  Lerwick 
Harbour.  We  remained  at  Lerwick  several  days 
taking  in  necessary  supplies,  looking  at  the  geology 
and  the  many  remarkable  antiquities  of  the  neigh- 
bourhood, and  ransacking  the  haberdashers'  shops  for 
those  delicate  fleecy  fabrics  of  wool  which  imitate  in 
a  scarcely  grosser  material,  and  with  almost  equal 
delicacy  of  design,  the  fretted  skeletons  of  Uoltenia, 
Euplectella,  and  Aphroeallistes. 

In  tliis  earlier  part  of  the  cruise  nearly  all  the 
dredgings  had  been   confined  to  the  cold  area,  and 

^  Dr.  Carpenter,  in  **  Preliminary  Iveport  on  the  Scientific  Explora- 
tion of  the  Deep  Sea,  1809."  (Proceedings  of  the  Kojal  Society,  vol. 
xvii.  p.  441.) 
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over  that  region  we  had  found  a  great  uniformity  of 
conditions.  As  already  mentioned,  the  average  bottom 
temperature  throughout  was  a  little  below  the  freezing- 
point  of  fresh  water,  and  it  sometimes  fell  to  nearly 
2°  C.  below  the  zero  of  the  centigrade  scale.  The 
bottom  was  uniformly  gravel  and  clay,  the  gravel  on 
the  Scottish  side  of  the  channel  consisting  chiefly  of 
the  dSbris  of  the  laurentian  gneiss  and  the  other 
metamorphic  rocks  of  the  North  of  Scotland,  and  the 
devonian  beds  of  Caithness  and  Orkney.  On  the 
Fsferoe  side  of  the  channel,  on  the  other  hand,  the 
pebbles  were  chiefly  basaltic.  This  diflFerence  shows 
itself  very  markedly  in  the  colour  and  composition  of 
the  tubes  of  annelids,  and  the  tests  of  sundry  fora- 
minifera.  The  pebbles  are  all  rounded,  and  the 
varying  size  of  the  pebbles  and  roughness  of  the 
gravel  in  different  places  give  evidence  of  a  certain 
amount  of  movement  of  material  along  the  bottom. 

There  seems  to  be  but  little  doubt,  from  the 
direction  of  the  series  of  depressions  in  the  isothermal 
lines  of  the  region  (PI.  7),  that  there  is  a  direct  move- 
ment of  cold  water  from  the  Spitzbergen  Sea  into  the 
North  Sea,  and  that  a  branch  of  this  cold  indraught 
passes  into  the  Fdferoe  Channel.  The  fauna  of  the  cold 
area  is  certainly  characteristic,  although  many  of  its 
most  marked  species  are  common  to  the  deep  water 
of  the  warm  area  whenever  the  temperature  sinks 
below  2°  or  3°  C. 

Over  a  considerable  district  in  the  Faeroe  Channel 
there  is  a  large  quantity  of  a  sponge  which  is  pro- 
bably identical  with  Cladorhiza  abyssicolcty  Sars, 
dredged  by  G.  O.  Sars  in  deep  water  off  the 
Loffoten    Islands.      This    sponge  forms   a  kind   of 
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bush  or  shrub,  which  appears  to  clothe  the  bottom 
in  some  places  over  a  large  area  like  heather  on  a 
moor.    There  are  at  least  three  species.     In  one  the 
branches  are  strict  and  rigid ;  while  in  another  the 
arrangement  is  more  lax,  side  branches  coming  off 
from  a  flexible  central  rachis  like  the  barbs  from  the 
sliaft  of  an  ostrich  feather.     The  branches  seem  in 
some  cases  to  be  from  50  to  80  centimetres  in  height, 
and  the  stems  near  the  base  are  2  to  3  centimetres  in 
diameter.     The  stem  and  branches  consist  of  a  firm 
central    axis,    semi-transparent    and   of   a   peculiar 
yellowish  green  colour;   composed  of  a  continuous 
horny  substance  filled  with  masses  of  needle-shaped 
spicules   arranged   longitudinally  in   dense  sheaves. 
This  axis  is  overlaid  by  a  soft  bark  of  sponge  sub- 
stance supported  by  needle-shaped  spicules,  and  full 
of  the  bihamate  *  spicules  of  the  sarcode '  so  charac- 
teristic  of   the  genus   Eaperia  and  its  allies.     The 
crust  is  covered  with  pores,  and  rises  here  and  there 
into  papillae  perforated  by  large  oscula.     This  sponga 
appears  to  belong  to  a   group   allied  to  the   Espc- 
riadse,    and  perhaps    even    more    closely   allied    to 
some  of  the  fossil  branching  forms  whose    remains 
are   so   abundant   in   some  beds   of   the  cretaceous 
period.      A   still   finer   species  of  the    same    group 
was   dredged   by   Mr.  Gwyn   JeflFreys    in    the    first 
cruise  of  the  following  year. 

Another  peculiar  sponge  (Fig.  13)  is  very  abundant 
and  of  a  large  size.  This  form  was  admirably  described 
by  Professor  Lov^n — unaccountably  under  the  name 
of  JSyalonema  horeale.  It  is  certainly  very  far  from 
Hyalonema.  It  is  more  nearly  allied  to  Tethya^  for 
the  body  of  the  sponge  must  certainly  be  referred  to 
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the  corticate  type,  though  it  differs  from  all  the  other 
known  members  of  the  order  in  being  supported  on  a 
long  Bymmetrical  stalk  formed,  as  Professor  Lov4n 
lias  shown,  of  sheaves  of  short  spicules  bound  together 


I)y  horny  cement.  A  tuft  of  delicate  fibres  fixes  the 
base  of  the  stem  in  its  position.  Professor  Oscar 
Schmidt,  in  his  "Outline  of  the  Sponge  Fauna  of 
the  Atlantic,"  refers  this  form  to  hts  genus  Cometella, 
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and  this  he  associates  with  SuberiteSy  Tethya  greatly 
restricted,  and  one  or  two  other  generic  groups,  to 
form  a  family  the  SuheritidiDse,  a  part  of  the  old 
order  Corticata3,  which  order  he  now  proposes  to 
dismember.  I  doubt  if  this  arrangement  will  hold 
good,  for  the  silicious  sponges  whose  skeleton  con- 
sists mainly  of  radiating  sheaves  of  long  spicules, 
form  a  conspicuous  and  natural  assemblage.  Stylo- 
cordyla  is  evidently  nearly  related  in  habit  and 
general  character  to  the  Mediterranean  stalked 
sponge  figured  by  Schmidt  under  the  name  of 
Tetilla  eitplocamos} 

Foraminifera  are  not  very  abundant  in  the  cold 
area,  though  here  and  there  in  isolated  patches 
large  numbers  of  large  and  remarkable  forms  came 
up  on  the  *  hempen  tangles.'  These  were  principally 
of  the  Arenaceus  type.  On  one  occasion,  at  Station 
51,  one  of  the  intermediate  dredgings  between  the 
warm  area  and  the  cold,  the  tangles  brought  up 
a  multitude  of  tubes  three-quarters  of  an  inch  to 
an  inch  long,  composed  of  sand-grains  cemented 
together,  and  with  a  slight  appearance  externally  of 
beading,  as  if  they  were  divided  into  segments. 
During  the  *  Lightning'  excursion  the  year  before, 
on  the  middle  bank  along  with  the  specimens  of 
Terebratnla  o^aniiwiy  we  had  found  in  abundance  a 
sandy  Liluola  with  very  much  the  same  appearance, 
except  that  at  one  end  the  Lituolce  had  a  promi- 
nent mouth,  and  on  breaking  them  open  this 
mouth  was  repeated,  definitely  moulded  of  peculiarly 

^  Die  Spongien  der  Kiiste  von  Algier.  Von  Dr.  Oscar  Schmidt 
Professor  der  Zoologie  und  vergloichenden  Anatomic,  Director  des 
liiiTidschaftlifhen  zoologisclien  Museums  zu  (Iratz.     Tieipzig,  1808 
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coloured  sand  grains,  for  every  chamber  of  the  series 
into  which  the  test  was  divided.  The  new  form,  how- 
ever, was  found  not  to  be  divided  into  chambers,  but 
to  have  its  cavity  continuous  throughout,  "  though 
traversed  in  every  part  of  its  length  by  irregular 
processes,  built  up  partly  of  sand-grains  and  partly  of 
sponge-spicules,"  resembling  those  described  by  Dr. 
Carpenter  in  the  gigantic  fossil  form  Farkeria}  One 
extremity  of  this  chamber  is  arched  over,  spacer  being 
left  between  the  agglutinated  sand-grains,  through 
which  it  appears  that  the  gelatinous  being  within  com- 
municates with  the  outer  world  by  protruding  its 
sarcode  processes.  The  other  end  was  so  constantly 
broken  off,  leaving  a  rough  fracture,  that  Dr. 
Carpenter  was  inclined  to  believe  that  this  form 
to  which  he  gave  the  generic  name  of  Botellina^  grew 
attached  to  the  bottom  or  to  some  foreign  body. 

The  cold  area  teems  with  echinoderms.  In  the 
channel  north  and  west  of  Shetland,  we  added  to  the 
fauna  of  the  British  area  besides  a  large  number  of 
species  new  to  science,  nearly  every  one  of  the  forms 
described  by  the  Scandinavian  naturalists  as  inhabit- 
ing the  seas  of  Norway  and  Greenland. 

In  comparatively  shallow  water  Cidaria  hystrix 
was  most  abundant,  and  of  large  size.  The  large 
form  oi Echinus flemhigii^  Ball,  was  rare;  but  every 
haul  at  all  depths  brought  up  some  variety  or  other 
which  was  referred  with  doubt  to  E.  elegans^  D.  and 
K.,  to  one  or  other  form  of  E.  norvegicns^  D.  and  K., 
or  to  E.  rarituberculaiv^i  G.  O.  Sars  ;  and  although  it 
may,  perhaps,  be  necessary  still  to  describe  all  these 
which  certainly  in  their  extreme  forms  present  very 

^  Philosophical  Tranaactions,  1869,  p.  806. 
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marked  diflferences  as  distinct  species,  after  having 
gone  over  some  thousands  of  them — some  brought 
up  in  nearly  every  haul  of  the  dredge  from  Faeroe  to 
Gibraltar — I  am  inclined  to  suspect  that  they  may 
be  all  varieties  of  Echhiua  jlemingiL  I  have  already 
alluded  to  the  countless  myriads  in  which  the 
small  form  of  E.  nof'vegictis^  D.  and  K.,  15  mm.  in 
diameter,  swarms  on  the  *  Haaf '  fishing  banks. 
These  little  urchins  are  mature  so  far  as  the  develop- 
ment of  their  generative  products  is  concerned ;  and  I 
suspect  from  the  abundance  of  three  sizes,  that  they 
attain  their  full  size  in  two  years  and  a  half  or  three 
years;  but  in  colouring,  in  sculpture,  and  in  the 
form  of  the  pedicellariae,  I  do  not  see  any  character  to 
distinguish  them  from  a  form  four  times  the  size, 
common  in  deep  water  off  the  coast  of  Ireland; 
nor,  again,  can  I  distinguish  these  last  by  any  definite 
character  which  one  would  regard  as  of  specific  value 
from  the  shallow  water  form  of  Echinus  flemingi%  as 
large  as  the  ordinary  varieties  of  E.  8ph(sra. 

The  Shetland  variety  of  Eqiius  caballua  is  certainly 
not  more  than  one-fourth  the  size  of  an  ordinary 
London  dray-horse,  and  I  do  not  know  that  there  is 
any  good  reason  why  there  should  not  be  a  pony 
form  of  an  urchin  as  well  as  of  a  horse. 

Professor  Alexander  Agassiz^  has  discovered  that 
the  Florida  species  of  Echinocyamtia  is  nothing 
more  than  the  young  of  a  common  Florida  clypeas- 
troid,  Stolo7Wclypn^  prostratusy  Ag.,  and  he  sug- 
gests the  possibility  of  our  Echnocyamus  angulosusy 
Leske,  being  one  of  these  stunted  ^pony  '  varieties, 
or  undeveloped  young,  either  of  the  American  Stolo- 

^  Bulletin  of  the  Museum  of  Comparative  Zoology,  No.  9,  p.  291. 
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noclypua^  the  pluteus  *  pseudembryo '  having  been 
carried  along  and  distributed  by  the  gulf-stream,  or 
of  some  European  deep-water  clypeastroid  hitherto 
unknown. 

The  three  so-called  species  of  the  genus  Toxo- 
pneustes  of  the  cold  area  must,  I  fear,  submit 
to  fusion.  T.  pictuSy  Norman,  and  T.  palUdiia^ 
G.  O.  Sars,  are  certainly  varieties  of  T.  drobachi" 
ensisj  O.  F.  Muller. 

The  young  of  Brissoptna  lyriferay  Forbes,  were 
abundant  at  all  deptlis,  but  mature  examples  did 
not  occur  beyond  200  fathoms,  and  were  larger 
and  more  abundant  from  50  to  100  fathoms.  Tri- 
pyliis  fragiliSi  D.  and  K.,  a  rather  scarce  Scandinavian 
form,  was  added  to  the  British  fauna ;  several  speci- 
mens having  been  taken,  unfortunately  usually 
crushed  on  account  of  its  great  delicacy,  in  the 
deeper  and  colder  hauls.  Magnificent  specimens  of 
the  handsome  heart-urchin,  Spatangua  raschi,  were 
very  abundant,  associated  in  the  same  zone  of  depth 
with  Cidaris. 

Star-fishes  were  very  numerous,  rare  and  new 
species  sometimes  actually  crowding  the  hempen 
tangles.  The  two  species  of  Brisinga,  B.  endeca- 
cnemosy  Absj.,  and  B.  coronata^  G.  O.  Sars,  came  up 
occasionally  and  were  always  regarded  as  prizes, 
although  it  was  a  matter  of  some  difficulty  to  ex- 
tricate their  spiny  arms  one  after  the  other  from  the 
tangles ;  they  were  scarcely  ever  within  the  dredge. 
Salaster  papjwstiSj  Forbes,  apparently  their  nearest  of 
kin  though  far  removed,  was  represented  abundantly 
by  a  very  pretty  deep-water  variety,  with  ten  arms 
about    forty    millimetres    across    from    tip    to    tip, 
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of  a  bright  orange-scarlet  even  at  Station  6i.,  at  a 
depth  of  640  fathoms ;  and  we  dredged  abundantly 
S.   furcifer,  D.  and  K.  (Fig.  14),  previously  known 


only  in  tbe  Scandinavian  seas.    Pedicellaster  typicus, 
Sars,  occurred  but  sparingly,  and  more  frequently  the 


pretty  biscuit-like  AatrogoHium  gramilare,  Mulleb 
and  Troschel.    A.  phryj'iamim,  O.  1'.  MOllbb,  and 
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Asleropsia  palDtllus,  O.  P.  aiuLLEK,  wtrc  not  met 
with  beyond  the  lOU-fathom  line.  A  curious  little 
group  of  cushion  stars,  hitherto  supposed  to  be  eon- 
fined  to  high  latitudes,  were  represented  by  Fieraster 
militaria,  M.  and  T.,  and  P.  pulvillus.  Sabs,  and  by 
two  forms  new  to  science,— one,  Korethraster  his- 
pidus,  sp.  n.,  with  the  whole  of  the  upper  surface 
covered  with  long  freepaxilla  like  sable  brushes  {Fig. 
15).     Ranges  of  delicate  spatulate  spines  border  the 


ambulacral  grooves.  As  in  Ptera-Bter,  there  is  a  double 
row  of  conical  water  feet.  The  other  genus  (Fig.  IC) 
is  perhaps  even  more  remarkable.  The  star-fish  is 
very  flat,  the  dorsal  surface  covered  with  short  paxillte 
which  support  a  membrane  as  in  Fteraster.  A  row 
of  spines  fringing  the  ambulacral  grooves  is  greatly 
lengthened  and  webbed,  and  the  web  running  along 
the  aide  of  one  arm  meets  and  unites  with  the  web 
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of  the  adjacent  arm,  so  that  the  angles  between  the 
arms  are  entirely  filled  up  by  a  delicate  membrane 
stretched  on  and  supported  by  spines,  and  the  body 
thus  becomes  regularly  pentagonal.  There  is  no  trace 
on  the  ventral  surface  of  the  arms  of  the  trans- 
verse ranges  of  membranous  comb-like  plates  which 
are  so  characteristic  in  Pteraster. 

By  far  the  most  abundant  and  conspicuous  forms 
among  the  star-fishes  in  deep  water  were  the  genera 
Astropecien  and  Ar chaster^  and  their  allies.  At  one 
to  two  hundred  fathoms  the  small  form  of  Astro- 
pecten  irregularis^  A,  aciciilaris  of  Norman,  literally 
swarmed  in  some  places,  usually  in  company  with 
the  small  form  of  Luidia  savignii^  M.  and  T.,  L, 
sarsiiy  D.  and  K.  I  feel  no  doubt  that  these  two 
forms,  A.  acicularis  and  L.  sarsii^  are  mere  deep- 
water  varieties  of  the  forms  which  attain  so  much 
larger  proportions  in  shallow  water.  Mr.  Edward 
Waller  took  charge  of  Mr.  Gwyn  Jeffreys'  yacht 
during  the  summer  of  1869,  on  a  dredging  cruise  off 
the  south  coast  of  Ireland.  He  worked  principally 
about  the  100-fathom  line  and  a  little  within  it,  and 
procured  a  magnificent  series  both  of  Astropecien  and 
Luidia  showing  a  gradual  transition  through  all 
intermediate  stages  between  the  large  and  the  small 
varieties. 

The  cold  area  gave  us  Astropecten  tenuispinus  in 
great  abundance  and  beauty.  The  tangles  sometimes 
came  up  scarlet  with  them,  and  associated  with  this 
species  a  handsome  new  form  of  a  peculiar  leaden 
grey  colour,  and  with  paxilla)  arranged  on  the 
dorsal  surface  of  the  disk  in  the  form  of  a  rosette,  or 
the  petaloid  ambulacra  of  a  Clypeaster,     Astropecten 
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arciicui,  Sars,  was  met  witli  sparingly  in  some  of  the 
deeper  dredgings.  The  known  nortlicrn  species  of 
Arckaster  were  abundant  and  of  lar{,'e  size;  A. 
parellii,  D.  and  K,,  passing  into  comparatively  shal- 
low water;  and  A.  andromeda  abundant  at  greater 
depths. 


At  Stations  57  and  58,  and  at  various  others  in 
the  cold  area  we  took  many  specimens  of  a  fine 
Archaater  (Pig.  11)  witli  a  double  row  of  large 
square  marginal  plates  giving  tbe  edges  a  thickened 
square-cut    appearance    like    those  of    Ctenodiactta ; 
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each  marginal  plate  covered  with  miliary  grains, 
and  Avith  a  prominent  rigid  central  spine.  This  is 
a  large  form,  one  of  our  most  striking  additions  to 
the  tale  of  known  species.  It  measures  120  mm.  from 
tip  to  tip  of  the  arms  across  the  disk.  The  colour 
is  a  rich  cream,  or  various  shades  of  liglit  rose. 

Ctenodisciia  crkpatns  occurred  rarely  and  of  rather 
small  size,  not  more  than  25  mm.  across.  Nearly 
every  haul  hrought  up  small  specimens  of  Aster^ 
acanihion  miillerl,  M.  Sars,  and  specimens  of  all  sizes 
of  Cribrella  sanyuinoleuta^  O.  Y.  Muller. 

The  distribution  of  Ophiuoridea  was  altogether 
new  to  a  IJritish  dredger.  By  far  the  most  abundant 
form  in  moderate  depths  Avas  Amphiura  abyasicola, 
IM.  Sars,  a  species  hitherto  unknown  in  the  British 
seas ;  and  at  greater  depths  this  species  Avas  associated 
in   about    equal  numbers  with    Ophiocten  sericeunij 

TORBES. 

Everywhere  Ophiacantha  sjnnulosa^  M.  and  T., 
abounds,  and  the  common  Ophioglypha  lacertoaa  of 
shallow  water  is  replaced  by  O.  sarsiiy  Ltjtken, 
while  Ophiopholis  aculeata,  O.  1\  Mvller,  loves  to 
nestle  among  tlie  branches  of  corals  and  stony 
polyzoa.  In  such  characteristic  cold  area  dredg- 
ings  as  Stations  54,    55,    57,    and   Gtt,  we   find  the 

two  species  of  Ophioscolexy  O.  2^^^nP^^^*^<^9  ^'  ^^d 
K.,  and  O.  glacialis,  M.  and  T. ;  the  former  in 
some  places  in  great  abundance,  and  the  latter 
much  more  scarce.  Both  species  are  new  to  the 
British  area,  and  two  very  remarkable  forms  which 
accompany  them  are  new  to  science.  One  of  these 
is  a  very  large  ophiurid  with  thick  arms,  up- 
Avards  of  three  decimetres  long,  and  a  large  soft  disk 
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resembling  that  of  Ophiomyxa,  to  which  genus  it 
seems  to  be  allied.  The  specimens  which  have  been 
hitherto  procured  are  scarcely  sufficiently  perfect  to 
allow  of  its  being  thoroughly  worked  out.  The  other 
is  a  large  handsome  species  of  Ljungmans  genus 
Ophiopua.  The  plates  covering  the  disk  are  small  and 
obscure,  and  partly  masked  by  a  netted  membrane. 
In  moderate  depths  Amphiura  bailie  Thompson,  was 
common,  and  we  now  and  then  dredged  a  stray 
example  of  the  beautiful  little  Ophiopeltis  secutngera, 
D.  and  K.,  lately  added  to  the  Shetland  fauna  by 
the  Rev.  A.  Merle  Norman. 

It  was  a  matter  of  some  surprise  to  us  as  well  as 
of  great  pleasure  to  bring  up  in  many  of  our  cold 
area  hauls  considerable  numbers  of  the  handsomest 
of  the  northern  free  crinoids,  Antedon  escrichtii. 
So  far  as  I  am  aware,  this  species  has  not  hitherto 
been  met  with  in  the  Scandinavian  or  Spitzbergen 
seas ;  all  our  museum  specimens  come  from  Green- 
land or  Labrador.  This  is  also  the  case  with  Cteno- 
disctis  crispatus.  In  neither  instance  do  the  speci- 
mens from  the  north  of  Scotland  appear  to  be  quite 
so  large  as  those  from  Greenland.  One  or  two 
hauls  in  moderate  water  gave  us  abundant  examples 
of  Antedo7i  celticuSy  Barrett,  a  form  still  more  com- 
mon however  in  the  Minch ;  and  almost  every  haul 
we  found  a  broken  specimen  or  some  fragments  of 
Antedon  aarsii. 

Once  or  twice  we  found  a  fragment  of  the  stem  of 
JthizocrinuSj  but  singularly  enough  no  living  specimen 
of  this  interesting  little  crinoid  rewarded  us  from  the 
cold  water,  although  our  conclusion  seemed  to  be 
just,  that  the  Arctic  indraught  sets  into  the  Fcferoe 
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Channel  directly  from  the  seas  of  the  Loffotens  where 
it  abounds. 

We  dredged  many  Ilolotbiirise ;  notably  everywhere 
below  200  or  300  fathoms  the  delicate  little  Echino- 
cucumia  typica,  M.  Sars  ;  and  Psolua  aqitamattts, 
KoREN,  which  does  not  seem  however  to  be  common, 
through  we  dredged  it  in  great  profusion  on  one  occa- 
sion in  the  *  Lightning,'  its  white  scaly  disks  showing 
out  against  tlie  smooth  black  pebbles  of  Fsferoe  basalt 
to  which  they  were  attached.  Jlolothuria  ecalcarca, 
Saks,  was  met  with  occasionally,  and  formed  another 
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interesting  addition  to  the  British  fauna.  It  always 
had  a  peculiar  effect  coming  up  among  a  number  of 
much  smaller  and  more  delicate  things,  like  a  massive 
German  sausage  twenty  or  thirty  centimetres  long. 

In  the  characteristic  hauls  in  the  cold  area  we  met 
with  some  very  interesting  crustaceans,  one  or  two  of 
which  I  figure  as  they  are  highly  suggestive  of  the 
source  of  the  cold  water.  They  are  some  of  the 
gigantic  forms  of  ampbipoda  and  isopoda  of  the 
Arctic  sea. 
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Busirus  ctispidatusy  Kroyer    (Fig.  18),  had  pre- 
viously been  known  only  in  the  Greenland  sea,  and 


Fio.  19.— Cajn-fUa  spinosluimaf  Norma.m.    Twice  the  uatural  size.    iNo.  5l». ) 


the  genus  was  represented  for  the  seas  of  Britain  by 
'  an  imperfect  example  of  another  species. 

Fig.  19  is  a  large  and  hitherto  unknown  species  of 
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tlie  genus  C'fiprclla,  the  odd-looking  group  of  skeleton 
shrimps  which  fix  themselves  by  their  hind  claspers, 
usually  in  this  locality  to  branching  sponges,  and  wave 
■  their  gaunt  grotesque  bodies  about  in  the  water. 

^Eya  naauta,  Nouman  (Fig.  20),  is  another  new 
species,  one  of  the  '  normal '  isopods.  Much  larger 
specimens  of  this  curious  genus  are  however  known 
on  the  British  coasts,  usually  semi-parasitical  on  large 
ilshes. 

Arctiinis  baffini,  Sabine  (Fig.  21),  is  another  of 
the  'isopoda  normalia' — normal  to  a  certain  extent  in 
its  structure,  but  very  peculiar  in  its  appearance  and 


hiibifs.  Arcluriia  has,  like  Caprella,  the  habit  of 
clinging  to  some  foreign  body  by  its  claspers,  and 
rearing  up  the  anterior  part  of  its  body  in  a  queer 
manner;  but  it  has  in  addition  a  pair  of  enormously 
developed  antennte,  and  to  these  the  young  cling  by 
their  elasi>ers,  and  range  themselves  along  like  a 
couple  of  living  fringes.  Idotea  {Arcturus)  bajjini 
was  first  described  in  the  Appendix  to  Captain  Parry's 
fourth  voyage.  This,  or  a  nearly  allied  species, 
seems  to  occur  also  in  the  Antarctic  seas.  Sir  James 
Clark  Itoss  remarks,'    that  in  dredging  at  a  depth 

'  \  Viiyoge  of  DisL-overy  and  BeKarcb,  vol.  i,  p.  202. 
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of  270  fathoms,  lat.  72  31  S.,  long.  173°  39  E., 
"  corallines,  flustrie,  and  a  variety  of  marine  inverte- 
brate animals  came  up  in  the  net,  showing  an  abun- 
dance and  great  variety  of  animal  life.  Amongst . 
them  I  detected  two  species  of  Fycnogonmn,  Idotca 
haffini,   hitherto  considered  peculiar   to  the   Arctic 


seas  " — and  some  other  forms.  Tlie  figure  represents 
Ai'Ciiirua  hajjiui  and  a  few  of  its  progeny,  which 
however  have  got  somewhat  into  disorder.  Tlie 
nursery  arrangements  are  usually  much  more  regular. 
One  or  two  species  of  the  singular  marine  arachnida 
of  the  genus  Nifmphon,  of  a  very  large  size,  werp 
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frequently  entangled  in  large  numbers  on  the  loose 
hemp.  This  group  seems  to  be  specially  characteristic 
of  the  sea  at  an  arctic  tern |)erat arc.  They  are  re- 
ported of  almost  incredible  size,  thirty  centimetres  or 
so  across,  from  the  late  Geiiuan  and  Swedish  polar 
expeditions,  and  they  have  also  been  found  enor- 


mously large  in  deep  water  in  the  antarctic  regions. 
They  often  come  up  clinging  to  the  sounding  line. 

The  Mollusca,  which  in  the  preceding  cruises 
usually  constituted  the  principal  results  of  the 
dredging,  were  here  quite  subordinate  as  regards 
both    number    and  variety  to   the  groups   already 
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mentioned ;  and  the  diflference  between  the  molluscan 
fauna  of  the  cold  and  that  of  the  warm  area  was  not 
by  any  means  so  great  as  that  shown  in  other  groups. 
One  of  the  most  interesting  types  which  we  met  with 
was  Terebrattda  septata^  Philippi  =  T.  aeptiffera^ 
LovEN,  a  brachiopod  found  living  at  Station  65  in 
the  Shetland  Channel,  at  a  depth  of  S45  fathoms, 
and  a  bottom-temperature  of  —  1"*'  IC.  A  variety  of 
this  species,  from  the  Pliocene  beds  of  Messina,  has 
been  described  and  figured  by  Professor  Seguenza 
under  the  name  of  Jf^aldheiyniu  peloritana  ;  and  it  is 
clearly  the  same  as  the  Waldheimia  floridana,  found 
in  the  Gulf  of  Mexico  by  De  Pourtales,  which  our 
own  numerous  specimens  so  considerably  exceed  in 
size  as  to  show  that  its  more  congenial  home  is  in 
friurid  water. 

Only  a  small  number  of  Pishes  were  procured,  but 
their  scarcity  may  probably  have  been  due  to  the 
unsuitableness  of  the  dredge  as  a  means  for  their 
capture.  The  few  species  taken  were  placed  in  the 
hands  of  Mr.  Couch  of  Polperro  by  Mr.  Loughrin, 
and  were  examined  by  him  after  our  return.  The  list 
includes  a  new  generic  form  intermediate  between 
Chimcera  and  Macrounia^  which  was  brought  up  from 
a  depth  of  510  fathoms  in  the  cold  area ;  a  new  species 
of  a  genus  allied  to  Zeus  ;  a  new  Gadus  approaching 
the  common  Whiting ;  a  new  species  of  Ophidian ; 
a  species  of  a  new  genus  near  Cyclopterus ;  JBlenniua 
fascia tu8y  Blocii,  new  to  Britain ;  Aynmodytes  sicultis; 
a  fine  new  Serranus  ;  and  a  new  Syngnathus. 

Death  put  an  end  to  the  labours  of  the  veteran 
Cornish  naturalist  while  he  Avas  preparing  descrip- 
tions and  figures  of  our  new  species.     He  died  full  of 
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years  and  work,  and  this  last  task,  on  which  he  had 
entered  with  keen  interest,  must  be  finished  by  other 
hands. 

It  will  be  seen  that  the  bottom  temperature  of  the 
cold  area,  at  600  fathoms,  docs  not  differ  by  more 
than  two  or  three  degrees  from  that  of  the  warm 
area,  at  depths  beyond  1,500  fathoms.  It  seems,  in 
fact,  as  Dr.  Carpenter  has  Avell  pointed  out,  as  if  all 
the  extreme  climatal  conditions  which,  in  the  deep 
water  of  the  Atlantic  are  extended  over  a  vertical 
distance  of  two  or  three  miles,  are  here  compressed, 
without  greatly  altering  their  proportions,  into  the 
compass  of  half  a  mile.  We  have  the  same  surface 
super-heating  and  rapid  fall  for  the  first  short  dis- 
tance ;  the  same  hump  on  the  curv^es,  indicating  the 
presence  of  a  layer  of  Avater  heated  by  some  other 
cause  than  direct  solar  radiation ;  the  same  rapid  fall 
through  a  *  stratum  of  intermixture ; '  and,  finally, 
the  same  long  excessively  slow  depression  through  a 
deep  bottom  bed  of  cold  water  nearly  at  a  uniform 
temperature. 

As  might  be  anticipated,  if  the  view  bo  correct 
that  arctic  conditions  are  in  a  broad  sense  con- 
tinuous throughout  the  abyssal  regions  of  the  sea,  a 
large  number  of  the  inhabitants  of  the  *  cold  area  *  are 
common  to  the  deep  Avater  off  Rockall  and  as  far  south 
as  the  coast  of  Portugal ;  but  the  fauna  of  the  Faeroe 
channel  includes  besides  these  generally  distributed 
forms,  an  assemblage  of  species— for  example  the 
large  crustaceans  and  arachnida  and  some  of  the  star- 
fishes— Avhich  are  not  only  generally  characteristic  of 
frigid  conditions,  but  specially  of  that  part  of  the 
arctic  province  represented  by  the  seas  of  Spitzbergen, 

K  2 


132 


THE  DEPTHS  OF  THE  SEA. 


[chap,  Ill- 


Greenland,  and  LofFoten.  There  can  be  little  doubt 
that  this  especially  arctic  character  of  the  fauna  is 
maintained  by  the  continual  migfation  of  arctic 
species  along  with  the  arctic  current  indicated  hy 
tiie  depressions  in  the  lines  of  equal  temperature. 
Many  species  characteristic  of  the  '  cold  area '  were 
not  met  with  beyond  its  limits,  owing  doubtless  to 
the  entire  banking  in  and  disappearance  of  the  cold 
water,  and  the  obliteration  of  the  arctic  current 
as  such  at  the  western  opening  of  the  cbannel 
between  tlie  Faeroo  banks  and  the  Hebrides. 
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APPENDIX  A. 

Official  Documents  and  Ojficial  Accounts  of  Preliminary  Pro- 
cccdings  in  connection  with  iJie  Euypl&rations  in  H,M.  Sur- 
veying -vessel  *  Porcupine,  during  the  Summer  of  18G9. — 
EAractsfrom  the  Minutes  tf  the  Council  of  the  Royal  Society, 
setting  forth  the  origin  of  the  *  Porcupine '  Ej'pediti&n,  and 
tlic  ohjects  which  it  wa^  designed  to  carry  out : — 

January  21,  18(19. 

The  Preliminary  Koport  of  the  Dredging  Operations  conducted 
by  Di*s.  Carpenter  and  Wyville  Thomson  (in  the  *  Lightning  *) 
having  l)een  considered,  it  was 

Eesolvcd, — Tliat,  looking  to  the  vahiaLle  results  obtaintid  from 
these  Marine  Eesearches,  restricted  in  scope  as  they  have 
been  in  a  first  trial,  the  President  and  Council  consider  it 
most  desirable,  witli  a  view  to  the  advancement  of  Zoology 
and  other  branches  of  science,  tliat  the  explonition  should 
be  renewed  in  the  course  of  the  ensuing  summer,  and 
carried  over  a  wider  area;  and  that  the  aid  of  Her 
Majesty's  Government,  so  liberally  allbrded  last  year,  be 
again  requested  in  furtherance  of  the  undertaking. 

Itesolved, — That  a  Committee  be  appointed  to  report  to  the 
Council  on  the  measures  it  will  be  advisable  to  take  in 
order  to  curry  the  foregoing  resolution  most  advantageously 
into  effect  Tlie  Committee  to  consist  of  the  President 
and  Officers,  witli  Dr.  Carpenter,  Mr.  Gwyn  Jefireys,  and 
Captain  liichards. 

February  18,  18C9. 

Bead  the  following  Eeport  of  the  Committee  en  Marine 
liesearchcd  : — 
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"  The  Committee  appointed  by  the  Council  on  the  2l8t  of 
January,  to  consider  the  measures  advisable  for  the  further  pro- 
secution of  Kesearches  into  the  Physical  and  Biological  Condi- 
tions of  the  Deep  Sea  in  the  neighbourhood  of  the  British  Coast, 
beg  leave  to  Eeport  as  follows : — 

"  The  results  obtained  by  the  Dredgiugs  and  Temperature- 
Soundings  carried  on  during  the  brief  Cruise  of  H.M.S.  *  Light- 
ning' in  August  and  September,  1868,  taken  in  connection  with 
those  of  the  Dredgings  recently  prosecuted  under  the  direction 
of  the  Governments  of  Sweden  and  of  the  United  States,  and 
with  the  remarkable  Temperature-Soundings  of  Captain  Short- 
land  in  the  Arabian  Gulf,  have  conclusively  shown — 

"  1.  That  the  Ocean-bottom,  at  depths  of  500  fathoms  or  more, 
presents  a  vast  field  for  reseaich,  of  which  the  systematic 
exploration  can  scarcely  fail  to  yield  results  of  the  highest 
interest  and  importance,  in  regard  alike  to  Physical,  Biological, 
and  Geological  Science. 

"  2.  That  the  prosecution  of  such  a  systematic  exploration  is 
altogether  beyond  the  reach  of  private  enterprise,  re(iuiring 
means  and  appliances  which  can  only  be  fumLshed  by  Govern- 
ment. 

"  It  may  be  hoped  that  Her  Majesty's  Government  may  be 
induced  at  some  future  time  to  consider  this  work  as  one  of  the 
special  duties  of  the  British  Navy;  which  possesses,  in  the 
world-wide  distribution  of  its  Ships,  far  greater  opportunities  for 
such  researches  than  the  Navy  of  any  other  country. 

"At  present,  however,  the  Committee  consider  it  desirable  that 
the  Royal  Society  should  represent  to  Her  Majesty's  Government 
the  importance  of  at  once  following  up  the  suggestions  appended 
to  Dr.  Carpenter's  'Preliminary  licpoii;'  of  the  Cruise  of  the 
'Lightning,'  by  instituting,  during  the  coming  season,  a  detailed 
survey  of  the  deeper  part  of  the  Ocean-bottom  between  the 
North  of  Scotland  and  the  Fscroe  Islands,  and  by  extending  that 
survey  in  both  a  N.E.  and  a  S.W.  direction,  so  as  thoroughly  to 
investigate  the  Physical  and  the  Biological  conditions  of  the  two 
Submarine  Provinces  included  in  that  area,  which  are  character- 
ized by  a  strongly  marked  conti*ast  in  Climate,  w- ith  a  correspond- 
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ing  dissimilarity  in  Animal  Life,  and  to  trace  this  climatic 
dissimilarity  to  its  source ;  as  well  as  to  carry  down  the  like 
survey  to  depths  much  greater  than  have  been  yet  explored  by 
the  Dredge. 

"  This,  it  is  believed,  can  be  accomplished  without  difficulty 
(unless  the  weather  should  prove  extraordinarily  unpropitious) 
by  the  employment  of  a  suitable  vessel,  provided  with  the 
requisite  appliances,  between  the  middle  of  May  and  the  middle 
of  September.  The  Ship  should  be  of  sufficient  size  to  furnish  a 
Crew  of  which  each  *  watch '  could  carry  on  the  work  con- 
tinuously without  undue  fatigue,  so  as  to  take  the  fullest  advan- 
tage of  calm  weather  and  long  summer  days ;  and  should  also 
provide  adequate  accommodation  for  the  study  of  the  specimens 
when  freshly  obtained,  which  should  be  one  of  the  primary 
objects  of  the  Expedition.  As  there  would  be  no  occasion  to 
extend  the  Survey  to  a  greater  distance  than  (at  the  most)  400 
miles  from  land,  no  difficulty  would  bo  experienced  in  obtaining 
the  supplies  necessary  for  such  a  four  months'  cruise,  by  running 
from  time  to  time  to  the  port  that  might  be  nearest  Thus, 
supposing  that  the  Ship  took  its  departure  from  Cork  or  Galway, 
and  proceeded  first  to  the  channel  between  the  British  Isles  and 
Kockall  Bank,  where  depths  of  from  1,000  to  1,300  fathoms  are 
known  to  exist,  the  Dredgings  and  Temperature-Soundings  could 
be  proceeded  with  in  a  northerly  direction,  until  it  would  be 
convenient  to  make  Stomoway.  Taking  a  fresh  departure  from 
that  port,  the  exploration  might  then  be  carried  on  over  the  area 
to  the  N.W.  of  the  Hebrides,  in  which  the  more  moderate 
depths  (from  500  to  600  fathoms)  would  afford  greater  facility  for 
the  detailed  survey  of  that  part  of  the  Ocean-bottom  on  which  a 
Cretaceous  deposit  is  in  progress — the  Fauna  of  this  area  having 
been  shown  by  the  *  Lightning '  researches  to  present  features  of 
most  especial  int<3rest,  wlule  the  careful  study  of  the  deposit 
may  be  expected  to  elucidate  many  phenomena  as  yet  unex- 
plained which  are  presented  by  the  ancient  Chalk  Formation.  A 
month  or  six  weeks  would  probably  be  required  for  this  part  of 
the  Survey,  at  the  end  of  wliich  time  the  vessel  might  ngjiin  run 
to   Stornoway  for  supplies.     The  area  to  the  N.  and  N.E.  of 
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Lewis  should  then  be  worked  iu  the  like  careful  manner;  and  as 
the  'cold  area'  would  here  be  encountered,  special  attention 
should  be  given  to  the  determination  of  its  boundaries,  and  of 
the  sources  of  its  climatic  peculiarity.  These  would  probably 
require  the  extension  of  the  survey  for  some  distance  in  a  KE. 
direction,  which  would  carry  the  vessel  into  the  neighbourhood 
of  the  Shetland  Isles ;  and  Lerwick  would  then  be  a  suitable 
poi-t  for  supplies.  Whatever  time  might  then  remain  woidd  be 
advantageously  employed  in  dredging  at  such  a  distance  round 
the  Shetlands  as  would  give  depths  of  from  250  to  400  fathoms, 
Mr.  Gwyn  Jeffreys*  drcdgings  in  that  locality  having  been  limited 
to  200  fathoms. 

"  The  Natural-History  work  of  such  an  Expedition  should  be 
prosecuted  under  the  direction  of  a  Chief  (who  need  not,  how- 
ever, be  the  same  throughout),  aided  by  two  competent  Assistants 
(to  be  provided  by  the  Royal  Society),  who  should  be  engaged 
for  the  whole  Cruise.  Mr.  Gwyn  Jeffreys  is  ready  to  take  charge 
of  it  during  the  first  live  or  six  weeks,  say,  to  the  end  of  June, 
wlien  Professor  Wyville  Thomson  would  be  prepared  to  take  his 
place ;  and  Dr.  Carpenter  would  be  able  to  join  the  Expedition 
early  in  August,  remaining  with  it  to  the  end.  It  would  be  a 
great  advantage  if  llie  Surgeon  appointed  to  the  Ship  should 
have  sufficient  knowledge  of  Natural  History,  and  sutficient 
interest  in  the  inquiry,  to  participate  in  the  work. 

*'  The  experience  of  the  previous  Expedition  will  furnish 
adequate  guidance  as  to  the  appliances  which  it  would  be 
necessary  to  ask  the  Governiuent  to  provide,  in  case  they  accede 
to  the  present  application. 

"  With  reference  to  the  Scientific  instruments  and  apparatus 
to  be  provided  by  the  Eoyal  Society,  the  Committee  recommend 
that  the  detailed  consideration  of  them  be  referred  to  a  Special 
Committee,  consisting  of  gentlemen  practically  conversant  with 
the  construction  and  working  of  such  instmments." 

Resolved, — That  the  Report  now  read  be  received  and  adopted, 
and  that  application  be  made  to  Her  Majesty's  Government 
accordingly. 
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The  following  Draft  of  a  Letter  to  be  transmitted  by  the  Secre- 
tary to  the  Secretary  of  the  Admiralty  was  approved  : — 

**  The  Koyal  Suciety,  Burlington  House, 
"FcbrutmjU,  1869. 

"  Sir, — Keferriug  to  the  'Preliminary  Eeport'  by  Dr.  Carpenter 
of  the  Eesiilts  of  the  Deep-Sea  Exploration  carried  on  during  the 
brief  Cruise  of  Her  Majesty's  Steam- vessel  'Lightning*  in 
August  and  September  last,  which  has  already  been  transmitted 
for  the  consideration  of  the  Lords  Commissioners  of  the 
Admiralty — I  am  directed  by  the  President  and  Council  of  the 
Eoyal  Society  to  state  that,  looking  to  the  valuable  information 
obtained  from  these  Marine  Ecsearches,  although  comparatively 
restricted  in  duration  and  extent,  they  deem  it  most  desirable, 
in  the  interests  of  Biological  and  Physical  Science,  and  in  no 
small  degree  also  for  the  advancement  of  Hydrographical  know- 
ledge, that  a  fresh  exploration  should  be  entered  upon  in  tlie 
ensuing  summer,  and  extended  over  a  wider  area ;  and  they  now 
desire  earnestly  to  recommend  the  matter  to  the  favourable  con- 
sideration of  My  Lords,  in  the  hope  that  the  aid  of  Her  Majesty's 
Government,  which  was  so  readily  and  liberally  bestowed  last 
year,  may  be  afforded  to  the  undertaking  now  contemplated,  for 
which  such  support  would  be  indispensable. 

"  In  favour  of  the  practicability  and  probable  success  of  the 
proposed  fresh  exploration,  I  am  directed  to  explain  that  the 
objects  to  be  aimed  at,  as  well  as  the  course  to  be  followed  and 
the  measures  to  be  employed  for  their  attainment,  have  mainly 
been  suggested  by  the  observations  made  and  the  experience 
gained  in  the  last  Expedition. 

"  Further  information  as  to  the  proposed  exploration  will  be 
found  in  the  Eeport,  herewith  transmitted,  of  a  Committee  to 
whose  consideration  the  subject  was  referred  by  the  Council. 

"  It  is  understood  that  the  requisite  Scientific  Apparatus  and 
the  remuneration  of  the  Assistants  to  be  employed  would  be 
provided  by  the  Eoyal  Society.  With  regard  to  the  appliances 
which  Her  Majesty's  Government  may  be  asked  to  provide,  the 
experience  of  the  previous  Expedition  will  furnish  adequate 
guidance,  whenever  the  general  scheme  may  be  approve  J.     It 
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has  appeared  to  the  Presideut  and  Council,  that  if  the  ship 
required  for  the  proposed  service  could  be  provided  by  the 
temporary  employment  of  one  of  Her  Majesty's  Surveying 
Vessels  now  in  commission,  anything  beyond  a  trifling  outlay  on 
the  pai-t  of  the  Government  would  be  rendered  unnecessary. 

"I  remain, 

"  Your  obedient  Servant, 

"  W.  Sharpey,  M.D., 

"  Th6  Secretary  to  the  Admiralty.''  **Sec  ILS." 

Eesolved, — That  a  Committee  be  appointed  to  consider  the 
Scientific  Apparatus  it  will  be  desirable  to  provide  for  the 
proposed  Expedition*  The  Committee  to  consist  of  the 
President  and  Officers,  with  Dr.  Carpenter,  Captain  Eichards, 
Mr.  Siemens,  Dr.  Tyndall,  and  Sir  Charles  Wheatstone, 
with  power  to  add  to  their  number. 

That  a  sum  of  £200  from  the  Government  grant  be  assigned 
to  Dr.  Carpenter  for  the  further  prosecution  of  Eesearches 
into  the  Temperature  and  Zoology  of  the  Deep  Sea. 

Aforc^  18, 1869. 

An  oral  communication  was  made  by  the  Hydrographer  to  the 
effect  that  the  Lords  Commissioners  of  the  Admiralty  had 
acceded  to  the  request  conveyed  in  Dr.  Sharpey's  letter  of 
February  18;  that  Her  Majesty's  Surveying-vessel  'Porcupine* 
had  been  assigned  for  the  service ;  and  that  the  special  equip- 
ment needed  for  its  efficient  performance  was  proceeding  under 
the  direction  of  her  Commander,  Captain  Calver. 

April  16,  1869. 

Read  the  following  letter  from  the  Admiralty : — 

"Admiralty,  March  19,  1869. 

*'  Sir, — With  reference  to  previous  correspondence,  I  am  com- 
manded by  My  Lords  Commissioners  of  the  Admiralty  to 
acquaint  you  that  Dr.  Carpenter  and  his  Assistants,  who  have 
been  deputed  by  the  Eoyal  Society  to  accompany  the  Expedition 
about  to  be  dispatched  to  the  neighbourhood  of  the  Fscroe  Isles 
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for  the  purpose  of  investigating  the  bottom  of  the  Ocean  by- 
means  of  deep-sea  soimdings,  will  be  entertained  whilst  embarked 
on  board  the  '  Porcupine '  at  the  Government  expense. 

*'  I  am.  Sir, 
"  Your  obedient  servant, 

"W.  G.  EOMAINE." 
"  The  Fmident  of  the  Boyal  Society,** 

June  17,  1869. 
Eead  the  following  Eeport : — 

"The  Committee  appointed  Feb.  18,  1869,  to  consider  the 
Scientific  Apparatus  it  will  be  desimble  to  provide  for  the  pro- 
I)osed  Expedition  for  Marine  Eesearches,  beg  leave  to  lay  before 
the  Council  the  following  Eeport ; — 

"The  chief  subjects  of  Physical  Enquiry  which  presented 
themselves  as  interesting  on  their  own  account,  or  in  relation  to 
the  existence  of  Life  at  great  depths,  were  as  follows : — 

"(I)  The  temperature  both  at  the  bottom  and  at  various 
depths  between  that  and  the  surface. 

"(2)  The  natui*e  and  amount  of  the  dissolved  Gases. 

"  (3)  The  amount  of  Organic  matter  contained  in  tlie  water, 
and  the  nature  and  amount  of  the  Inorganic  salts. 

"  (4)  The  amount  of  Light  to  be  found  at  great  depths. 

"Among  these  subjects  the  Committee  thought  it  desirable  to 
confine  themselves  in  the  first  instance  to  such  as  had  previously 
to  some  extent  been  taken  in  hand,  or  could  pretty  certainly  be 
carried  out. 

"  The  determination  of  Temperatures  has  hitherto  rested 
chiefly  upon  the  registration  of  miniimtm  Thermometers.  It  is 
obvious  that  the  temperature  registered  by  minimum  thermo- 
meters sunk  to  the  bottom  of  the  sea,  even  if  their  registration 
were  unaffected  by  the  pressure,  would  only  give  the  lowest 
temperature  reached  somewhere  between  top  and  bottom,  not 
necessarily  at  the  bottom  itself.  The  temperatures  at  various 
depths  might  indeed,  provided  they  nowhere  increased  on  going 
deeper,  be  determined  by  a  series  of  minimum  thermometers 
placed  at  different  distances  along  the  line,  though  this  would 
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involve  considerable  difficulties.  Still,  the  liability  of  the  index 
to  slip,  and  the  probability  that  the  indication  of  the  thenno- 
nieters  would  bo  affected  by  the  great  pressure  to  which  they 
were  exposed,  rendered  it  very  desirable  to  control  their  indica- 
tions by  an  independent  method. 

*'  Two  plans  were  proposed  for  this  purpose,  one  by  Sir  Charles 
Wheatstone,  and  one  by  Mr.  Siemens.  Both  plans  involved  the 
employment  of  a  voltaic  current,  excited  by  a  battery  on  deck ; 
and  required  a  cable  for  the  conveyance  of  insulated  wires.  The 
former  plan  depended  upon  the  action  of  an  immersed  Breguet's 
thermometer,  which,  by  an  electro-mechanical  arrangement,  was 
read  by  an  indicating  instrument  ])laced  on  deck.  The  latter 
plan  made  the  indication  of  temperature  depend  on  the  existence 
of  a  thermal  variation  in  the  electric  resistance  of  a  conducting 
wire.  It  rested  on  the  equalization  of  the  derived  currents  in 
two  perfectly  similar  partial  circuits,  containing  each  a  copper 
wire  running  the  whole  length  of  the  cable,  the  sea,  and  a 
resistance- coil  of  fine  platinum  wire  ;  the  coil  in  the  one  circuit 
being  immersed  in  the  sea  at  the  end  of  the  cable,  and  that  in 
the  other  being  immersed  in  a  vessel  on  deck,  containing  water 
the  temperature  of  which  could  be  regulated  by  the  addition  of 
hot  or  cold  water,  and  determined  by  an  ordinary  thermometer. 

"  The  instruments  required  in  Sir  Charles  Wheatstone's  iilan 
were  more  expensive,  and  would  take  longer  to  construct ;  and, 
besides,  the  Committee  were  unw-illing  to  risk  the  loss  of  a  some- 
what costly  instrument  in  case  the  cable  were  to  break.  On 
these  accounts  they  thought  it  best  to  adoj^t  the  simpler  plan 
proposed  by  Mr.  Siemens ;  and  the  apparatus  required  for  carry- 
ing the  plan  into  execution  is  now  completed,  and  in  use  in  the 
expedition. 

"  Meanwhile  a  plan  had  been  devised  by  Dr.  Miller  for 
obviating  the  effect  of  pressure  on  a  minimum  thermometer, 
without  preventing  access  to  the  stem  for  the  pui-pose  of  settiug 
the  index.  It  consists  in  enclosing  the  bulb  in  an  outer  bulb 
rivetted  on  a  little  way  up  the  stem,  the  interval  between  the 
bulbs  being  partly  filled  with  liquid,  for  the  sake  of  quicker 
conduction.     The  Committee  have  had  a  few  minimum  thermo- 
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meters  constructed  on  this  ]>rinciple,  wLicli  have  been  found  to 
answer  perfectly.  The  method  is  described  in  a  short  paper 
which  will  be  read  to  the  Society  to-morrow. 

"  For  obtaining  specimens  of  water  from  any  depth  to  which 
the  dredging  extends,  the  Committee  have  procured  an  instru- 
ment constructed  as  to  its  leading  features  on  tlie  plan  of  that 
described  by  Dr.  Marcet  in  the  Philosophical  Transactions  for 
1819,  and  used  successfully  in  the  earlier  northern  expeditions. 

"Mr.  Gwyn  JefTreys  is  now  out  on  the  first  Cniise  of  the 
*  Porcupine/  the  vessel  which  the  Admiralty  have  sent  out  for 
the  purpose,  and  is  accompanied  by  Mr.  W.  L.  Carpenter,  B.Sc. 
(son  of  Dr.  Carpenter),  who  undertakes  the  general  execution  of 
the  physical  and  chemical  part  of  the  inquiry.  A  letter  has 
been  received  by  the  President  from  Mr.  Jeffreys,  who  speaks 
highly  of  the  zeal  and  efficiency  of  Mr.  Carpenter,  Tlie  ther- 
mometers protected  according  to  Dr.  ^Miller's  plan,  and  the 
instrument  for  obtaining  specimens  of  water  from  great  depths, 
have  been  found  to  work  satisfactorily  in  actual  practice.  Mr. 
Siemens'  instrument  was  not  quite  ready  when  the  vessel  started 
on  her  first  Cruise,  and  was  not  on  board  when  the  above  letter 
was  written.  The  gas-analyses  have  been  successfully  carried 
on,  notwithstanding  the  motion  of  the  vessel  From  a  letter 
subsequently  received  from  Mr.  Carpenter,  it  appears  that  Mr. 
Siemens'  apparatus,  so  far  as  it  has  yet  been  tried,  works  in 
perfect  harmony  with  the  thermometers  protected  according  to 
Dr.  Miller's  plan." 

"  June  16,  1869." 

Eesolved, — ^That  the  Report  now  read  be  received  and  entered 
on  the  Minutes. 
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APPENDIX  B. 

Particulars  of  Depth,  Temperature,  and  Position  at  ilic  variom 
Ihrdgiiuj-statioiis  of  HJI.S,  'Porcupine'  in  the  Summer 
of  1809 ;— 
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CHAPTER  IV. 

THE  CRUISES  OF  THE  '  PORCUPENE '  {contmited). 

From  Shetland  to  Stornoway. — Phosphorescence. — The  Echinothuridce, 
— The  Fauna  of  the  *  Warm  Area.' — End  of  tlie  Cruise  of  1869. 
Arrangements  for  tlie  Expedition  of  1870. — From  England  to 
Gibraltar. — Peculiar  Conditions  of  the  Mediterranean.— Return  to 
Cowes. 

Appendix  A. — Extracts  from  the  Minutes  of  Council  of  the  Royal 
Society,  and  other  official  documents  referring  to  the  Cruise  of 
H.M.S.  'Porcupine'  during  the  Summer  of  1870. 

Appendix  B. — Particulai-s  of  Depth,  Temperature,  and  Position  at 
the  various  Dredging-stations  of  H.M.S.  'Porcupine'  in  the 
Summer  of  1870. 

•^*  The  hra^krkd  numbers  /<?  the  woodaits  in  this  cliapter  rffe.r  to  the  dredfjivg- 

stations  on  Plntrs  If.  and  V. 

We  left  Lerwick  on  the  31st  of  August,  and  ran 
south-  and  westward,  passing  close  to  Sumburgh 
Head ;  Fair  Isle,  of  evil  repute  among  mariners, 
lying  on  the  southern  horizon  like  a  little  grey 
cloud.  The  weather  was  still  very  fine,  and  we 
had  a  good  tossing  Avith  scarcely  a  breath  of  wind 
in  the  famous  Roost  of  Sumburgh.  Past  Noma's 
eyrie  on  the  *  Fitful  Head  ; '  past  in  the  falling 
shadows  of  the  autumn  night  the  rocky  Island  of 
Foula,  still  the  haunt  of  one  or  tAVO  pairs  of  the 
great   skua   gull,  Lestris  cataractes^   a   species  fast 
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hastening  to  join  the  dodo  and  the  gair-fowl  among 
the  creatures  of  bygone  times. 

We  now  steered  somewhat  to  the  north  of  west,  and 
early  on  the  1st  of  September  sounded  in  lat.  60°  17', 
long.  2°  53' ,  at  a  depth  of  103  fathoms,  and  a  bottom 
temperature  of  9°*2  C.  We  were  still  in  the  shallow 
water,  and  had  not  touched  the  arctic  stream.  All 
day  we  slippod  over  the  edge  of  the  plateau,  dredging 
chiefly  well-knoAvn  Shetland  forms,  and  the  tempera- 
ture falling  slightly,  reaching  in  the  afternoon  at  a 
depth  of  203  fathoms,  8°-7  C.  (Station  74).  The  next 
sounding,  about  ten  miles  farther  north,  gave  us  the 
stratum  of  intermixture,  a  temperature  of  5°-5  C.  at  a 
depth  of  250  fathoms.  We  ran  about  thirty  miles  in 
the  night,  and  early  next  morning  dredged  in  the 
frigid  water  again  in  lat.  60°  36'  N.,  long.  3°  58'  N.,  at 
a  depth  of  344  fathoms,  with  a  bottom  temperature  of 
— 1°-1  C,  the  temperature  at  the  surface  being  10°'l  C. 
rive- and- twenty  miles  to  the  westward,  we  sounded 
again  at  noon  of  the  same  day  at  560  fathoms,  with 

-r-2C. 

In  these  two  or  three  last  cold  dredgings  the 
character  of  the  bottom  was  much  the  same— gravel 
of  the  older  rocks,  and  clay.  The  preponderance 
of  echinoderms  and  sponges  was  again  remarkable, 
and  the  paucity  of  mollusca,  though  in  this  region 
Ave  took  a  single  specimen  of  a  mollusk  which 
seemed  to  be  greatly  out  of  its  latitude.  This  was  a 
pretty  little  brachiopod,  Platydiaan  omloldesy  Sacchi 
{Morrima,  Davidson),  hitherto  found  only  in  the 
Mediterranean.  The  size  of  this  specimen  greatly 
exceeded  that  of  Mediterranean  examples  of  the 
same   species    a  singular  circumstance  which  leads 
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our  friend  Mr.  Gwyn  Jeffreys  to  the  somewhat 
hazardous  presumption  that  "  its  original  home  18 
in  the  boreal,  perhaps  even  in  the  arctic  region." 

Two  very  peculiar  little  sponges  were  met  with  here 
rather  frequently  sticking  to  stones.  A  short  smooth 
column,  about  20  mm.  in  height,  is  surmounted  in 
one  species,  which  must  I  think  be  identified  with 
Thecophora  acmisHberites,  Oscar  Schmidt,  by  a  soft 


pad  of  spongy  matter,  with  one  or  two  projecting 
tubes  with  oscula  in  the  centre.  The  other,  which  I 
shall  call  Thecophora  ibla  (Fig.  24),  from  its  resem- 
blance to  the  cirripede  of  that  name,  ends  in  a  scaly 
cone  with  a  single  osculum  in  the  middle.  The  outer 
wall  of  the  column  in  botli  forms  is  firm  and  glossy, 
under  the  microscope  composed  of  closely-packed 
sheaves  of  needle-shaped  spicules  with  their  termi- 
nation blunt  and  slightly  bulbous.  The  sheaves  are 
l2 
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arranged  Tertically,  and  this  peculiar  tissue  forms  a 
complete  sheath  surrounding  a  pulpy  mass  of  gra- 
nular horny  and  sarcodic  matter  which  fills  the  in- 
terior. In  this  inner  spongy  substance  sheaves  of 
similarly-shaped  spicules  are  likewise  arranged  ver- 
tically, but  much  more  loosely ;  and  the  projecting 
scales  forming  tlie  head  of  Thecophora  ibla  are  formed 
by  the  projecting  ends  of  such  sheaves.  Among 
echinoderms,  Ophiacantha  apimiloaa  was  one  of  the 


Ijrevailing  forms,  and  we  were  greatly  struck  with 
the  brilliancy  of  its  phosphorescence.  Some  of 
these  hauls  were  taken  late  in  the  evening,  and  the 
tangles  were  sprinkled  over  with  stars  of  the  most 
brilliant  uranium  green ;  little  stars,  for  the  phos- 
phorescent light  was  much  more  vivid  in  the  younger 
and  smaller  individuals.  The  light  was  not  constant, 
nor  continuous  all  over  the  star,  but  sometimes  it 
struck  out  a  line  of  fire  all  round  the  disk,  flashing. 
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or  one  might  rather  say  glowing,  up  to  the  centre; 
then  that  would  fade,  and  a  defined  patch,  a  centi- 
metre or  so  long,  break  out  in  the  middle  of  an  arm 
and  travel  slowly  out  to  the  point,  or  the  whole  five 
rays  would  light  up  at  the  ends  and  spread  the  fire 
inwards.     Very  young  Opkiacanthce,  only  lately  rid 
of  their  *  plutei,'  shone  very  brightly.     It  is  difficult 
to   doubt  that  in  a  sea  swarming  with  predaceous 
crustaceans,  such  as  active  species  of  Dorynchiis  and 
Munida    with    great    bright    eyes,   phosphorescence 
must   be   a  fatal   gift.     We  had   another   gorgeous 
display  of  luminosity  during  this   cruise.     Coming 
down    the    Sound   of    Skye   from    Loch    Torridon, 
on  our  return,  we   dredged  in  about  100  fathoms, 
and    the   dredge  came    up   tangled  with    the   long 
pink  stems  of  the  singular  sea-pen  JPavonaria  qua- 
drangulari^.     Every  one  of  these  Avas  embraced  and 
strangled  by  the  twining  arms  of  Asteronyx  loveni^ 
and  the  round  soft  bodies  of  the  star-fishes  hung  from 
them  like  plump  ripe  fruit.     The   Paconarice  w^ere 
resplendent  with  a  pale  lilac  phosphorescence   like 
the  flame  of  cyanogen  gas ;  not  scintillating  like  the 
green  light  of  Ophiacantha^  but  almost  constant,  some- 
times flashing  out  at  one  point  more  brightly  and 
then  dying  gradually  into  comparative  dimness,  but 
always  sufficiently  bright  to  make  every  portion  of  a 
stem  caught  in  the  tangles  or  sticking  to  the  ropes 
distinctly  visible.    From  the  number  of  specimens  of 
Pavonajna  brought  up  at  one  haul  we  had  evidently 
passed  over  a  forest  of  them.   The  stems  were  a  metre 
long,  fringed  with  hundreds  of  polyps. 

Ophiocte7i  sericenm,  Forbes,  and  Ophioacolex  pur- 
purea, D.  and  K.,  were  likewise  very  common,  and 
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in  sand  patches,  Ophioglypha  sareti,  Lt'TKEN,  The 
most  abundant  asterid  was  Aateropecteii  tenuispi- 
nu8,  always  a  marked  object  from  its  bright  red 
colour — with  here  and  there  an  example  of  Archaster 
andromeda  and  Pteraater  viilitaris.  Every  haul 
brought  up  several  specimens  of  the  so-called  large 


form  of  Echimts  norvegiciia,  here  of  a  pale  colour, 
somewhat  conical,  and  looking  suspiciously  like 
small  forms  of  M  Jleminrfii. 

Along  with  one  or  two  specimens  of  Jrchaster 
andromeda,  we  took  at  Station  7G  an  exceedingly 
beautiful  Archaster  (Fig.  25),  certainly  by  far  the 
finest  species  yet  dredged  in  the  Northern  Seas. 

The  arms  are  flattened,  somewhat  square  in  section 
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owing  to  the  position  and  size  of  the  marginal  plates, 
which  run  up  nearly  vertically  from  the  side  of  the 
unusually  wide  ambulacral  groove  till  they  meet  the 
edge  of  the  perisom  of  the  dorsal  surface.  The  mar- 
ginal plates  are  thickly  covered  with  rounded  scales 
and  bear  three  rows  of  spines — one  at  the  upper  edge 
(and  this  series  in  combination  form  a  fringe  round 
the  dorsal  surface  of  the  star-fish),  one  near  the  centre, 
and  one  a  little  farther  down  towards  the  ventral 
edge.  The  ambulacral  groove  is  bordered  by  ob- 
liquely placed  combs  of  spines,  short  towards  the 
apex  and  centre  of  the  arm,  but  becoming  longer 
towards  its  base,  and  forming  at  the  re-entering 
angles  between  the  ambulacral  grooves  large  sin- 
gularly beautiful  pads ;  each  plate  bearing  a  double 
row  of  spines,  and  each  spine  having  a  second  short 
spine  or  scale  on  the  end,  an  arrangement  which 
adds  greatly  to  the  richness  of  the  bordering.  The 
inner  spine  of  each  comb  on  the  side  of  the  ambu- 
lacral groove  is  longer  than  the  others,  and  bears 
on  the  end  a  little  oblong  calcareous  plate  usually 
hanging  from  it  somewhat  obliquely  like  a  flag, 
with  sometimes  a  rudiment  of  a  second  attached  to 
it  in  a  gelatinous  sheath,  which  makes  it  pro- 
bable that  it  is  an  abortive  pedicellaria.  From 
this  character,  which  is  one  which  cannot  escape 
observation,  I  have  called  the  species  *  vexilUfer.' 
I  know  no  star-fish  in  which  the  ambulacral  grooves 
are  so  w4de  and  the  ambulacral  tubes  so  large  in  pro- 
portion to  the  size  of  the  animal  as  in  this  species. 
The  dorsal  perisom  is  closely  covered  with  rosotte-like 
paxilla).  The  colour  is  a  pale  rose,  with  a  tinge  of 
buff.     The  ambulacral  tubes,  which  when  the  animal 
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is  living  present  a  very  marked  feature  from  their 
great  size,  are  semi-transparent  and  of  a  pale  pink 
colour. 

We  now  took  a  run  once  more  to  the  southward, 
recrossing  the  boundary  of  the  cold  stream,  and 
sounding  successively  in  290  fathoms,  with  a  bottom 
temperature  of  5°'3  C,  and  in  76  fathoms,  with  a 
temperature  of  9°Jj,  practically  the  same  result  as 
in  the  former  case ;  and  in  the  next  four  Stations, 
80,  81,  82,  and  83,  we  repeated  the  operation  in- 
versely, sounding  in  92  fathoms,  with  a  tempera- 
ture of  9^7  C. ;  in  142,  with  9^-5 ;  in  312,  with  6°-2  ; 
and  in  362,  with  3°0. 

After  a  run  of  about  sixty  miles  in  a  south-easterly 
direction  nearly  parallel  with  the  100-fathom  line,  on 
the  morning  of  Saturday  the  4th  of  September  we 
sounded  in  lat.  59°  34'  N.,  long.  6°  34'  AV.,  with  a 
depth  of  155  fathoms  and  a  temperature  of  9°'5  C. 
Two  other  Stations  after  running  distances  of  six 
and  eight  miles  only  took  us  once  more  over  the 
edge  of  the  bank  and  into  the  cold  river,  the  first 
giving  a  depth  of  190  fathoms,  with  a  temperature  of 
9*'"3,  and  the  second  445  fathoms,  and   -  1°'0. 

As  we  were  satisfied  for  the  i)resent  with  our  work 
in  the  cold  area,  and  as  the  next  day  was  the  day  of 
rest,  we  steamed  quietly  westwards  for  about  100 
miles,  past  the  Butt  of  the  Lews  and  beyond  the 
entrance  of  the  channel  to  Station  87,  lat.  59°'35'  N., 
long.  2"  IV  W.,  a  point  nearly  in  the  middle  line  of 
the  deep  water  of  the  channel,  and  consequently  in 
the  axis  of  the  cold  stream,  the  line  in  which  the 
peculiarities  of  the  cold  area  are  most  pronounced. 
Here  a  sounding  gave  us  a  depth  of  767  fathoms  and 


CHAP.  IT.]  THE  CRUISES  OF  THE  'FORCV^INE:  153 

a  bottom  temperature  of  6°*  2  C.  We  were  thus  in 
the  warm  area,  and  the  dead-cold  water  of  the  cold 
area  lying  fifty  or  sixty  miles  otf,  with  the  bottom 
at  a  higher  level,  was  completely  hanked  in.  The 
bottom  temperature  hero  corresponded  so  closely 
with  that  of  the  same  depth  in  the  Rockall  Channel 
that  apparently  scai-cely  a  drop   of  the  Arctic  in- 


draught makes  its  escape  in  this  direction.  The 
dredge  here  brought  up  half  a  ton  of  Atlantic 
'  globigerina  ooze,'  a  load  which  tested  its  tackle 
and  the  donkey-engine  to  the  utmost.  The  weight 
of  the  dredge  itself  with  the  weight  attached  was 
8  cwt.,  so  that  altogether  the  burden   reached  not 
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far  short  of  a  ton,  and  the  distance  it  had  to  be 
dragged  through  the  water  was  not  much  less  than  a 
mile.  As  was  frequently  the  case  when  these  great 
loads  came  up,  there  were  few  of  the  higher  animal 
forms  in  the  dredge.  The  tangles  brought  up,  how- 
ever, two  or  three  specimens  of  a  very  handsome  star- 
fish, the  type  of  a  new  genus. 

Zoroaster  fidgens  (Fig.  26)  is  a  five-rayed  star-fish, 
250  mm.  from  tip  to  tip  of  the  arms,  which  run  close 
up  to  the  centre  leaving  a  small  disk  not  more  than 
20  mm.  in  diameter.  There  are  four  rows  of  sucking 
feet  in  the  ambulacra!  grooves,  a  character  which 
places  the  genus  in  the  first  division  of  the  Asterida, 
along  with  Asteracanthion.  The  arms  are  compressed 
laterally,  and  run  up  to  a  central  longitudinal  ridge, 
which  bears  a  row  of  large  pointed  spines  articulated 
to  a  row  of  projecting  knob-like  ossicles.  From  this 
ridge  bands  of  ossicles  curve  downwards  to  the  edge 
of  the  ambulacral  groove  so  close  together  and  so 
thick  and  solid  that  the  arms  are  continuously  and 
strongly  mailed  over.  The  disk  is  paved  with  large 
calcareous  tubercles  with  articulated  spines;  the  tuber- 
cles and  spines  becoming  larger  towards  the  centre  of 
the  disk.  The  whole  surface  of  the  body  is  covered 
with  long  fine  spines,  with  here  and  there  a  group 
of  pedicellariae  on  short  soft  stalks  attached  to  the 
tops  of  special  spines,  while  a  row  of  such  spines 
bearing  large  groups  of  pedicellarise  runs  along  the 
edges  of  the  ambulacral  grooves.  AVhen  living,  the 
whole  surface  of  the  animal  is  covered  with  a 
quantity  of  glairy  mucus.  The  colour  of  the  perisom 
is  a  magnificent  yellow  scarlet,  but  it  is  very  evan- 
escent,  fading    immediately    in    spirit.      This   is   a 
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distinct,  as  well  as  a  very  striking  form.  We  only 
met  with  it  on  this  occasion.  The  skeleton  of  this 
star-fish  at  first  sight  closely  resembles  that  of  some 
species  of  Ophidia^tei\  for  instance  O.  a^perulus, 
LtJTKEN.  It  is  at  once  distinguished,  however,  by  the 
fundamental  character  of  the  quadruple  row  of  ambu- 
lacral  suckers;  and  the  texture  of  the  surface  of 
the  star-fish  is  utterly  different.  The  arrangement 
of  the  ossicles  of  the  frame-work  is  perhaps  nearest 
to  that  in  Arthraster  dixoni^  Forbes,  from  the  lower 
chalk  of  Balcombe  pit  near  Amberley,  Sussex;  but 
the  only  specimen  of  that  species,  now  in  the  British 
Museum,  unfortunately  does  not  show  the  arrange- 
ment of  the  plates  in  the  ambulacral  grooves. 

As  our  coals  were  beginning  to  run  short,  and 
what  remained  were  blowing  off  fast — steaming 
against  rather  a  strong  head  wind — we  thought  it 
prudent  to  retrace  our  steps  slowly  towards  Storno- 
way,  dredging  on  our  way.  Accordingly,  in  the 
afternoon,  we  took  a  haul  in  lat.  59°  20',  N.,  long. 
8'  23'  AV.,  with  a  depth  of  705  fathoms,  and  a 
temperature  of  5°-9  C.  Continuing  our  easterly 
course  during  the  night,  but  heading  slightly  north- 
wards so  as  to  come  upon  the  ground  where  we 
had  been  previously  so  successful  in  dredging  the 
singular  anchoring  sponges,  we  dredged  in  the 
morning  in  lat.  59°  38'  N.,  long.  T  40'  AV.,  with  a 
depth  of  445  fathoms  and  a  temperature  of  T'  5  C. 
This  haul  was  not  very  rich,  but  it  yielded  one  speci- 
men of  extraordinary  beauty  and  interest.  As  the 
dredge  was  coming  in  we  got  a  glimpse  from  time  to 
time  of  a  large  scarlet  urchin  in  the  bag.  AVe 
thought   it   was   one  of   the   highly-coloured  forms 
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of  Echinus  jlemingii  of  unusual  size,  and  as  it  was 
Ijlowing  fresh  and  there  was  some  little  difficulty  in 
getting  the  dredge  capsized,  we  gave  little  heed  to 
what  seemed  to  be  an  inevitable  necessity — that  it 
should  be  crushed  to  pieces.  We  were  somewhat 
surprised,  therefore,  when  it  rolled  out  of  the  bag 
uninjured ;  and  our  surprise  increased,  and  was  cer- 


tainly in  my  case  mingled  with  a  certain  amount  of 
nervousness,  when  it  settled  down  quietly  in  the  form 
of  a  round  red  cake,  and  began  to  pant — a  line  of 
conduct,  to  say  the  least  of  it  very  unusual  in  its 
rigid  undemonstrative  order.  Yet  there  it  was  with 
all  the  ordinary  characters  of  a  sea-urchin,  its  inter- 
ambulacral  areas,  and  its  ambulacral  areas  with  their 
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rows  of  tube  feet,  its  spines,  and  five  sharp  blue  teeth ; 
and  curious  undulations  were  passing  through  its 
perfectly  flexible  leather-like  test.  I  had  to  summon 
up  some  resolution  before  taking  the  weird  little 
monster  in  my  hand,  and  congratulating  myself  on 
the  most  interesting  addition  to  my  favourite  family 
which  had  been  made  for  many  a  day. 

Calveria  hyatrix — for  I  have  named  this  genus  and 
species  after  our  excellent  Commander  and  his  tidy 


little  vessel,  iu  grateful  commemoration  of  the  plea- 
sant times  wo  liad  together— is  circular  and  depressed, 
ratlier  more  than  120  mm.  in  diameter,  and  about 
25  mm.  high  (Fig.  28).  Both  interambulacral  and 
ambulacral  areas  are  wide.  The  peristome  and  the 
ppriproct  are  unusually  large ;  the  former  covered  with 
calcareous  scale-like  plates,  perforated  up  to  the  rim  of 
the  mouth  for  the  passage  of  ambulacral  tube-feet,  as 
in  Cidaria;  the  latter  with  a  large  madreporio  tubercle 
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and  five  large  round  openings  in  the  ovarial  plates 
in  the  centre  of  which  open  the  wide  ducts  from  the 
ovaries.  The  jaw  pyramid,  ^Aristotle's  lantern,'  is 
large  and  strong,  and  formed  on  the  plan  of  the  Dia- 
dematidse,  and  the  teeth  are  large  and  simply  chan- 
nelled. The  point  of  structure,  however,  in  which 
Calveria  differs  from  all  previously  described  recent 
urchins  is  the  arrangement  of  the  ambulacral  and 
interambulacral  plates.  These,  instead  of  meeting 
edge  to  edge  and  abutting  against  one  another  so  as 
to  form  a  continuous  rigid  shell  as  in  most  other 
echinids,  overlap  one  another ;  the  plates  of  the  inter- 
ambulacral aresB  from  the  apical  pole  towards  the 
mouth,  those  of  the  ambulacral  arese  from  the  mouth 
towards  the  apical  disk  (Fig.  28).  In  Calveria^  the 
outer  portions  of  the  interambulacral  plates  leave 
spaces  between  them  which  are  filled  up  with  mem- 
brane, and  the  inner  ends  of  the  plates  form  large  wide 
expansions,  which  overlap  greatly.  The  ambulacral 
pairs  of  pores  are  singularly  arranged :  they  are  in 
arcs  of  three,  but  two  of  the  pairs  of  each  arc  penetrate 
small  special  accessory  plates,  while  the  third  pair 
penetrates  the  ambulacral  plate  near  the  end.  The 
outer  ends  of  the  interambulacral  plates  overlap  the 
outer  ends  of  the  ambulacral  plates,  so  that  the 
ambulacral  areae  are  essentially  within  the  interambu- 
lacral. The  interambulacral  plates  bear  each  close  to 
the  outer  end  where  they  overlap  the  ambulacral 
plates,  a  large  primary  tubercle ;  and  two  imperfect 
rows  of  primary  tubercles  bearing  long  spines  are 
ranged  in  the  middle  of  the  ambulacral  areie;  the 
remainder  of  the  surface  of  the  plates  is  thickly 
studded  with  secondary  tubercles  and  miliary  grains. 
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Tiie  spines  are  very  delicate  and  hollow,  with  pro- 
jecting processes  arranged  in  an  imperfect  spiral;  and 
resemble  somewhat  the  small  spines  of  the  Diade- 
raatidsB.   The  colour  of  the  test  is  a  rich  crimson  with 
a  dash  of  purple,  and  it  is  very  permanent ;  the  only 
perfect  specimen  procured  which  is 
preserved   in    spirit  has   not   lost 
colour  greatly  to  the  present  time. 
In   the  summer  of    1870,   Mr. 
Gwyn   Jeffreys,   dredging   on  the  , 
coast  of  Portugal,  took  two  nearly 
perfect  specimens  and  several  frag- 
ments   of  another    species  of  the 
genus    Calteria ;    and  subsequent 
careful  examination  of  fragments 
and   debris  has    shown    that  this 
second  species.  C  feneatrata,  occurs 
likewise  in  the  deep  water  off  tlio 
coast  of  Scotland  and  Ireland.    The 
interambulacral    plates    are    nar- 
rower, and   leave  larger  membra- 
nous spaces  between  them,  and  the 
great  key-like  overlapping  expan- 
sions in  the  middle  line  are  much 
larger.    The  spines  have  the  same 
form  and  are  arranged  nearly  in 
the    same   way ;     hut    parallel    to 
the    outer    row    of    large    spines 
on    each    interambulacral     space 
of    four    or    five    or    more   pedicel  la  rioe,  of  quite   a 
peculiar  type.      The  head  of  the  |)edicellaria  which 
is  supported  on  a  long  stalk,  consists  of  four  valves 
(Fig.  29),  the  wide  terminal  portion  of  each  forming 
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a  beautiful  double  fenestrated  frame,  with  a  peculiar 
twist  in  it  reminding  one  of  a  Campt/lodiscua,  and  a 
very  elegant  crenated  border.  These  disks  are  raised 
on  delicate  hollow  pedicels,  which  expand  beneath, 
at  their  point  of  attachment  to  the  common  stalk. 
A  large  mass  of  muscle  envelopes  the  lower  part  of 
the  group  of  pedicels,  and  doubtless  determines  the 
movement  of  tiie  valves  in  reference  to  one  another. 

It  is  difficult  to  see  what  relation  in  position  the 
valves  can  occupy  when  the  instrument,  whatever 
may  be  its  use,  is  closed. 

We  now  steamed  onwards  to  the  south-east  for 
about  ten  miles,  and  put  down  our  dredge,  fully 
equipped  with  *  liempen  tangles  '  and  every  accessory 
device  for  entrapping  the  denizens  of  the  deep,  exactly, 
as  our  Commander  assured  us,  over  the  spot  where  we 
had  dredged  the  IloUenice  early  in  the  cruise.  We 
got  there  in  the  evening,  and  adopted  a  plan  which 
we  had  tried  successfully  once  or  twice  before;  wo 
allowed  the  dredge  to  remain  down  all  night,  moving 
along  with  the  drift  of  the  vessel,  and  hauled  it  up 
in  the  earlv  morninor.  I  do  not  believe  human 
dredger  ever  got  such  a  haul.  The  special  inhabit- 
ants of  that  particular  region — vitreous  sponges  and 
echinoderms — had  taken  quite  kindly  to  the  tangles, 
warping  themselves  into  them  and  sticking  through 
them  and  over  them,  till  the  mass  was  such  that  we 
could  scarc^lv  srot  it  on  board.  Dozens  of  c:reat  Hoi- 
teiiuVi  like 

**  Wrinkled  heads  and  aged, 
AVith  silver  beard  and  hair," 

a  dozen  of  the  l)est  of  them    breaking  off  just  at 
that    critical    point    where    everything   doubles   its 
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weight  by  being  lifted  out  of  the  water,  and  sink- 
ing slowly  away  back  again  to  our  inexpressible 
anguish ;  glossy  whisps  of  Ilyalonema  spicules ;  a 
bushel  of  the  pretty  little  mushroom-like  Tisiphonia ; 
a  fiery  constellation  of  the  scarlet  Astropecten  tenuis- 
pinus  ;  while  a  whole  tangle  was  ensanguined  by  the 
*  disjecta  membra '  of  a  splendid  Brisinga. 

There  was  not  much  in  the  dredge-bag  that  was 
new.  Some  large  Munid<jey  with  their  *  spheery  eyne ; ' 
some  fine  specimens  of  Kophohelenmon  millleri;  an 
example  of  the  Euryalid,  Asleronyx  lovenij  nearly 
the  only  Scandinavian  echinoderm  which  we  had  not 
previously  taken;  and  an  injured  specimen  of  a 
flexible  urchin,  which  we  supposed  to  be  of  the  same 
species  as  that  procured  the  day  before,  although  it 
differed  greatly  in  colour,  being  of  a  uniform  pale 
grey.  Upon  further  examination,  however,  it  proved 
to  be  the  type  of  a  totally  different  generic  group  of 
the  same  family. 

Phormosoma  plcwenta  resembles  Calveria  in  having 
the  perisom  flexible,  the  plates  overlapping  in  the 
same  way  and  in  the  same  directions  ;  but  the  plates 
overlap  one  another  only  slightly,  and  they  leave  no 
membranous  spaces  between,  so  that  they  form  a 
continuous  shell.  The  great  peculiarity  of  this  form 
is  that  the  upper  surface  is  quite  different  from  the 
lower.  Above,  the  ambulacral  and  interambulacral 
aresB  are  well  defined  and  in  ordinary  proportion, 
the  interambulacral  arese  being  just  twice  as  wide 
as  the  ambulacral,  and  the  spines  are  much  like 
those  of  Calveria^  and  are  arranged  nearly  in  the 
same  manner.  At  the  periphery  the  shell  comes  to 
a  kind  of  ridge,  and  alters  entirely ;  from  the  edge 
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to  the  mouth  the  distinction  between  ambulacral 
and  interambulacral  areae  is  apparently  lost,  and 
the  sutures  between  the  plates  can  scarcely  be  made 
out ;  the  pore  areoe  are  reduced  to  mere  lines  of 
double  pores,  and  the  whole  of  the  surface  of  the 
shell  is  studded  over  uniformly  with  the  very  large 
areolae  of  primary  tubercles,  bearing  spines  which 
are  small  and  delicate  and  apparently  quite  out  of 
proportion  to  the  mass  of  muscle  connected  with 
them  which  fills  the  areolae.  As  in  Calveria^  the 
tubercles  are  perforated. 

AVe  have  thus  become  acquainted  with  three 
members  of  a  family  of  urchins  which,  while  differ- 
ing in  a  most  marked  way  from  all  other  known 
living  groups,  bear  a  certain  relation  to  some  of  these, 
and  easily  fall  into  their  i)lace  in  urchin  classification. 
They  are  ^regular  echinids,'  and  have  the  normal 
number  and  arrangement  of  the  jjrincipal  parts. 
They  resemble  the  Cidaridae  in  the  continuation  of 
the  lines  of  ambulacral  pores  over  the  scaly  membrane 
of  the  peristome  to  the  mouth,  and  they  approach 
the  Diadematidae  in  their  hollow  spines,  in  the  form 
of  their  small  pedicellariae,  and  in  the  general  structure 
of  the  jaw  pyramid.  From  both  of  these  families  they 
differ  in  the  imbricated  arrangement  of  the  plates  and 
in  the  structure  of  the  pore  areae,  to  the  wildest  extent 
compatible  with  belonging  to  the  same  sub- order. 

Many  years  ago  Mr.  AVickham  Flower  of  Park 
Hill,  Croydon,  procured  a  very  curious  fossil  from 
the  upper  chalk  of  Higham  near  Rochester.  It  con- 
sisted of  a  number  of  series  of  imbricated  plates 
radiating  from  a  centre,  and  while  certain  sets  of  these 
plates  were  perforated  with  the  characteristic  double 
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pores  of  the  urchins,  these  were  absent  in  alternate 
series.  Some  points  about  this  fossil,  particularly 
the  imbricated  arrangement  of  the  plates  over  portions 
indicating  a  circle  at  least  four  inches  in  diameter, 
caused  great  difficulty  in  referring  it  to  its  place. 
Edward  Forbes  examined  it,  but  would  not  hazard 
an  opinion.  The  general  impression  was  that  it  must 
be  the  scaly  peristome  of  some  large  urchin,  possibly 
of  a  large  Cyphosoma^  a  genus  abundant  in  the  same 
bed.  Some  years  after  the  discovery  of  the  first 
specimen,  a  second  was  obtained  by  the  Rev.  Norman 
Glass,  from  Charlton  in  Kent.  This  specimen  ap- 
peared at  first  to  solve  the  difficulty,  for  it  contained 
in  the  centre  a  well-developed  *  lantern  of  Aristotle ; ' 
there  then  was  the  peristome  of  the  urchin,  of  which 
Mr.  Flower's  specimen  was  the  periproct.  The  late 
Dr.  S.  P.  Woodward  examined  the  two  specimens 
carefully,  and  found  that  the  question  w^as  not  so 
easily  settled,  lie  detected  the  curious  reversal  of 
the  imbrication  of  the  plates  in  the  ambulacral  and 
interambulacral  areae  which  I  have  described  in 
Calveria^  and  at  one  'point  he  traced  the  plates  over 
the  edge  of  the  specimen,  and  found  that  they  were 
repeated  inverted  on  the  other  side.  AVith  great 
patience  and  great  sagacity  he  worked  the  thing  out, 
and  came  to  the  conclusion  that  he  was  dealing 
w^ith  the  representative  of  a  lost  family  of  regular 
echinids. 

Woodward  names  his  new  genus  Echinothuria,  and 
describes  the  chalk  species,  U.  Jloris,  almost  as  fully 
and  accurately  as  we  could  describe  it  now  with  a  full 
knowledge  of  its  relations  —  for  Echinothuria  is 
closely  related  to   Calveria  and  Phormosoma.     In  all 
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essential  family  characters  they  agree.  The  plates 
imbricate  in  the  same  directions  and  on  the  same 
plan,  and  the  structure  of  the  ambulacral  areae, 
which  is  so  special  and  characteristic,  is  the  same. 
Echinothuria  differs  from  Calveria  in  the  wider  inter- 
ambulacral  and  ambulacral  plates,  in  the  smaller 
amount  of  overlapping,  and  in  the  absence  of  mem- 
branous intervals;  and  from  Phormosoma  it  diflfers 
in  having  the  structure  and  ornament  of  the  apical 
and  oral  surfaces  of  the  test  the  same. 

As  the  genus  Echinothuria  was  the  first  described, 
I  have  felt  justified  in  naming  the  family  the  Echino- 
thuridse.  I  have  done  this  with  the  greater  pleasure, 
as  it  brings  into  prominence  a  term  suggested  by 
my  late  friend  Dr.  Woodward,  whose  early  death 
was  a  serious  loss  to  science.  In  Dr.  Woodward's 
memoir,  the  following  curious  paragraph  occurs : — 

"After  this  apparently  conclusive  demonstration, 
it  appears  desirable  to  give  a  name  to  this  fossil  and 
to  attempt  a  short  description,  although  its  rank  and 
affinities  are  still  a  matter  of  conjecture.  At  present 
it  is  one  of  those  anomalous  organisms  which  Milne 
Edwards  compares  to  solitary  stars  belonging  to  no 
constellation  in  particular.  The  disciples  of  Von  Baer 
may  regard  it  as  a  *  generalized  form '  of  echihoderm, 
coming,  however,  rather  late  in  the  geological  day. 
The  publication  of  it  should  be  acceptable  to  those 
who  base  their  hopes  on  the  *  imperfection  of  the 
geological  record,'  as  it  seems  to  indicate  the 
former  existence  of  a  family  or  tribe,  whose  full 
liistory  must  ever  remain  unknown."  The  special 
bearings  of  the  discovery  of  this  group,  and  of 
several  other  animal   forms   allied  to   chalk  fossils 
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living  among  the  recent  chalk-mud  of  the  Atlantic 
sea-bed,  will  be  discussed  in  a  future  chapter. 

While  we  were  examining  our  wonderful  dredge- 
load  the  little  ^Porcupine'  was  steaming  slowly- 
south  wards — past  the  island  of  llona,  and  Cape  Wrath 
looking  out  into  the  north  cold  and  blue,  with  the 
waves  now  curled  up  asleep  at  its  feet,  as  if  they 
never  did  any  harm ;  past  the  welcome  Butt  of  the 
Ijcws,  and  into  the  little  harbour  of  Stornoway.  Here 
we  remained  some  days;  not  sorry — even  although 
our  cruise  had  been  thoroughly  pleasant — to  exchange 
the  somewhat  cramped  routine  of  life  in  a  gun-boat 
for  the  genial  hospitalities  of  Stornoway  Castle. 

The  fauna  of  the  *  warm  area '  is  under  circum- 
stances altogether  special  and  peculiar,  whicli  must 
be  discussed  in  full  hereafter.  While  the  cold  area 
is  sharply  restricted,  the  warm  area  extends  con- 
tinuously from  the  Faeroes  to  the  Strait  of  Gibraltar. 
At  all  events  the  same  conditions  are  continuous; 
but  as  will  be  explained  more  fully  hereafter,  the 
whole  600  or  700  fathoms  of  water  down  to  the 
bottom  at  the  mouth  of  the  Faeroe  Channel,  corre- 
sponds with  the  surface  layer  only  to  a  like  depth  in 
the  Rockall  Channel  or  in  the  Atlantic  basin.  The 
first  700  to  800  fathoms  in  all  cases  are  actually 
warm,  but  where  the  depth  greatly  exceeds  800 
fathoms,  there  is  a  mass  of  cold  water  beneath  sink- 
ing slowly  to  nearly  the  freezing-point.  The  bottom 
therefore,  the  habitation  of  the  fauna,  is  only  warm 
where  the  depth  is  not  greater  than  800  fathoms, 
and  in  such  a  case  only  can  the  term  *warm  area' 
be  correctly  applied.  Such^  are  the  conditions  off 
Fsferoe,  and   it  is    this   which   makes    the  contrast 
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between  tlie  warm  and  cold  areas  so  marked  in  that 
region.  The  warm  area,  however,  even  as  thus 
restricted,  is  continuous  southwards  so  far  as  we 
know  indefinitely  for  the  North  Atlantic,  occupying 
the  zone  of  depth  along  the  coast  from  say  300  to  800 
fathoms.  At  great  depths  everywhere  the  climatal 
conditions  approach  those  of  the  cold  area,  and  the 
actual  character  of  a  fauna — an  assemblage  of  animals 
at  any  one  spot — must  depend  not  merely  upon  tem- 
perature but  upon  the  laws  regulating  the  distribu- 
tion of  deep-sea  animals  ;  a  subject  on  which  we  know 
as  yet  very  little. 

The  bottom  in  the  cold  area  in  the  Faeroe  Channel 
is  rough  gravel.  That  in  the  warm  is  everywhere 
nearly  homogeneous  'globigerina  ooze.'  This  cir- 
cumstance alone  is  sufficient  to  determine  a  marked 
difference  in  the  habits  of  the  animals  and  their 
mode  of  life. 

Referring  then  to  the  foraminifera,  the  dredge  came 
up  throughout  the  warm  area  full  of  Globigerina  and 
Orbulinay  and  fine  calcareous  mud,  the  product  of  their 
disintegration.  Among  these  were  multitudes  of 
other  forms,  most  of  them  of  large  size.  I  quote  from 
Dr.  Carpenter.  Speaking  of  the  Holtenia  ground,  he 
says : — "  The  Foraminifera  obtained  on  this  and  the 
neighbouring  parts  of  the  warm  area  presented  many 
features  of  great  interest.  As  already  stated,  several 
arenaceous  forms  (some  of  them  new)  were  extremely 
abundant ;  but  in  addition  to  these  we  found  a  great 
abundance  of  Miliolines  of  various  types,  many  of 
them  attaining  a  very  unusual  and  some  even 
an  unprecedented  size.  As  last  year,  we  found 
Cormi^piroe  resembling  in  general  aspect  the  large 
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Operculince  of  tropical  seas,  and  BilocnlincB  and 
THloculincB  far  exceeding  in  dimensions  the  littoral 
forms  of  British  shores;  and  Avith  these  were  asso- 
cated  CristellnricB  of  no  less  remarkable  size,  pre- 
senting every  gradation  from  an  almost  rectilineal 
to  the  nautiloid  form,  and  having  the  animal  body  in 
so  perfect  a  state  as  to  enable  it  to  be  completely 
isolated  by  the  solution  of  the  shell  in  dilute  acid." 
Sponges  were  extremely  abundant,  but  they  were 
restricted  to  only  a  small  number  of  species ;  all  of 
them  with  one  form  or  another  of  the  curious  an- 
choring habit.  Among  the  llexactinellidae  HoUenia 
was  the  most  striking  and  the  most  abundant  form. 
Hyalonema  was  also  common ;  but  Ave  got  fcAV  per- 
fect specimens  with  the  sponge  and  glass-rope  in 
connection.  The  conical  sponge  heads  were  very 
numerous ;  they  seemed  to  have  been  torn  off  by 
the  edge  of  the  dredge,  the  rope  remaining  in 
the  mud,  and  the  ropes  were  frequently  brought 
up  without  the  sponge.  Almost  all  the  ropes  were 
encrusted  with  the  constant  '  commensal '  of  Ilya- 
lonema^  JPalylhoa  fatua.  Very  young  examples  of 
Hyalonema^  with  the  whisp  from  5  mm.  to  20  mm. 
long,  had  usually  no  Talythoa  on  them ;  but  when 
they  had  attained  above  the  latter  dimensions  in 
almost  every  case  one  could  see  the  first  polyp  of 
the  Palythoa  making  its  appearance  as  a  small 
bud,  and  its  pink-encrusting  coenosarc  spreading 
round  it.  By  far  the  most  common  sponge  in  the 
chalk-mud  is  the  pretty  little  hemispherical  corti- 
cate form  Tisiplionia  agariciformis.  This  species, 
though  diflfering  from  it  greatly  in  appearance  and 
habit,  seems  to  be  closely  allied  to  a  strong,  heavy 


168  THE  DEPTHS  OF  THE  SEA.  [chap.  iv. 

encrusting  sponge  which  we  met  with  frequently 
sticking  to  stones  in  the  *  cold  area/  The  form  of 
the  spicules  was  nearly  though  not  quite  the  same, 
and  their  arrangement  was  very  similar.  It  appeared 
as  if  the  two  forms  placed  in  intermediate  circum- 
stances might  have  approached  one  another  very 
closely. 

In  the  warm  area,  as  in  the  cold  at  these  great 
depths,  there  is  a  singular  absence  of  Hydrozoa.  A 
few  species  of  Sertula^Ha  and  Tlumularia,  and  one  or 
two  allied  forms  occurred,  and  they  are  now  in  the 
skilful  hands  of  Dr.  Allman  for  determination ;  but 
their  small  number  and  insignificance  is  remarkabla 

Neither  are  the  true  corals  represented  by  numer- 
ous   species,    although    in    some  places  individuals 
are  enormously  abundant.    During  the  *  Porcupine ' 
cruises  of  1869  twelve  species  of  Madreporaria  were 
procured  which  have  been  determined  by  Professor 
Martin    Duncan.      None    of  these  belong  to   'reef- 
building'  genera,  but  to  a  group  which  are  recognized 
as  deep-sea  corals,  a  group  which  appears  to  have  had 
numerous  representatives  during  all  the  later  geolo- 
gical  periods.      In  a  band   somewhat  restricted  in 
depth,   extending   downwards  from   the   100-fathom 
line,  we  met  in  some  places  with  very  large  numbers 
of  many  varieties  of  Caryophyllia  borealis,  Fleming 
(Fig.  4) ;  and  at  depths  of  300  to  600  fathoms  the 
handsome  branching  Lophohelia  prolifera,  Pallas 
(Fig    30),  forms  stony  copses   covering  the  bottom 
for  many  miles,  the  clefts  of  its  branches  affording 
fully   appreciated    shelter    to   multitudes    of   Area 
voduloaay   Psoitis    squamaltiSy    Ophiopholis    aculeata^ 
and  other  indolent  *  commensals.* 
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Five  species  of  Amphihelia  are  cited  by  Professor 
Martin  Duncan  from  the  'Porcupine'  expedition: — 
A.  profunda,  Pourtales  ;  A.  oculata,  L.  sp. ;  A.  mio- 
cenica,  Se&uenza  ;  A.  atlantica,  n.  8p. ;  and  A.  ornattt. 


n.  sp. ;  and  on  one  or  two  occasions,  chiefly  on  the 
verge  of  the  cold  ai-ea,  the  hempen  tangles  involved 
some  elegant  fragments  of  the  stony  coral  AUopora 
octtlina,  Eurenserg  (Fig.  31). 
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Although  many  of  the  echinoderms  of  the  cold 
area  are  common  to  the  warm,  the  general  facies 
of  the  echinoderm  fauna  is  different,  and  there  are 
a  number  of  additional  and  very  striking  forms. 

Cidarie  papillata,  Leske,  is  abundant  at  moderate 
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depths.  On  our  second  visit  to  the  Holtenia  ground 
we  dredged  one  small  specimen  of  the  handsome 
urchin  already  described,  Porocidaris  purpurala. 
A    line   brilliantlv-eoloured   urchin   of  the  Eckimis 
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flemingii  group,  but  distinguished  from  ^.  Jlemingii 
by  characters  which  I  must  regard  as  of  specific 
value,  Echinus  microstoma^  Wyville  Thomson,  was 
common  and  of  large  size ;  and  along  with  it  many- 
very  beautiful  brightly-coloured  examples  of  the 
smallest  form  of  E.  noroegicus. 

The  three  species  of  the  Echinothuridae,  Calveria 
hyatrix^  C.  feneatrata^  and  Phormosoma  placenta  have 
as  yet  been  met  with  in  this  region  only,  and  they 
seem  to  have  a  wide  distribution,  stretching  at  about 
the  same  depth  and  temperature  from  the  F*roe 
Islands  to  the  south  of  Spain.  I  hear  from  Pro- 
fessor  Alexander  Agassiz  that  Count  Pourtales  has 
dredged  fragments  of  one  of  the  species  under  nearly 
similar  circumstances  in  the  Strait  of  Florida. 
Cribrella  aanguinolenta  was  in  thousands,  of  all 
colours — scarlet,  bright  orange,  and  chocolate  brown. 
Several  examples  were  found  of  a  fine  Set/ taller, 
probably  identical  with  the  Asteriaa  canarienais  of 
D'Orbigny,  and  if  so  having  a  southern  distribu- 
tion. The  curious  little  Pedicellaster  typicus  of 
Sars  was  not  unfrequent ;  a  form  Avhich  looks  very 
much  like  the  young  of  something  else.  One  small 
specimen  of  Pteraster  militaris  came  up  from  the 
Holtenia  ground,  but  with  the  exception  of  Astro- 
pecten  tenuispinuSy  which  seemed  to  be  more  abun- 
dant than  ever,  the  characteristic  arctic  echino- 
derms  were  absent.  We  took  no  examples  here  of 
Toxopneustes  drobachiensis^  Tripylus  fragilis^  Ar- 
chastei^  andromeday  Ctenodiscus  crispatnSy  Astropecteu 
arctictiSy  Euryale  linkiij  Ophioscolex  glacialia^  or 
Antedo7i  eacrichtii.  It  is  very  likely  that  there  may 
be  colonies  in  the  '  warm  area '  of  some  or  of  all  of 
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these — for  the  region  in  which  they  are  common 
under  very  different  climatal  conditions  is  within  a 
few  miles,  and  there  is  no  intervening  barrier — hut 


they  certainly  are  not  abundant.  Amphiura  abys- 
aicola,  Sabs,  was  in  great  numbers  sticking  to  the 
sponges,  and  Ophiacantha  ap'muloaa  was  nearly  as 
common  as  in  the  cold  area. 
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We  took  one  or  two  small  examples  of  a  very  fine 
ophiurid,  of  which  larger  specimens  had  been  pre- 
viously found  at  about  the  same  depth  and  tem- 
perature during  the  second  cruise  of  the  same 
season  off  the  coast  of  Ireland.  This  form  probably 
ought  to  be  referred  to  Lyman's  genus  Ophiomttsium, 


though  the  characters  of  the  genus  must  be  some- 
what altered  to  admit  it.  Ophiomusium  eburneum, 
Lyman,  of  which  several  specimens  were  taken  by 
Count  Pourtales  at  depths  of  from  270  to  335 
fathoms,  off  Sandy  Key,  is  distinguished  by  the 
great    solidity    and    complete    calcification    of    the 
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perisom.  The  plates  of  the  disk  are  soldered 
together,  so  as  to  form  a  close  mosaic  {fiuatXov). 
The  mouth-papillffi  are  fused  into  two  lines,  their 
number  being  only  indicated  by  grooves.  The 
lateral  arm-plates  are  united  together  above  and 
below,  the  upper  and  lower  arm-plates  are  reduced 
to  mere  rudiments,  and  there  are  no  tentacle  pores 
beyond  the  first  arm-joints. 


Oiit;e  Mid  1  haU  the  nitunl  liu :  svcirwlxn  in 


In  our  new  species,  which  I  name  provisionally 
Ophiomusium  lymani,  the  diameter  of  the  disk  is 
28  mm.,  and  the  length  of  each  arm  100  mm.  in 
large  specimens.  The  two  lateral  arm-plates,  fused 
together  above  and  below,  form  complete  rings,  their 
distal  edge  notched  on  each  side  for  the  insertion  of 
seven  arm  spines,  of  which  the  lowest  is  much  longer 
than  the  rest.  The  dorsal  arm-plates  are  small  and 
diamond-shaped,  let  in  between  the  lateral  arm- 
plates  at   the    distal  end    of   their    upper    line   of 
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junction.  The  ventral  arm-plates  are  entirely  absent. 
This  is  a  large  handsome  star-fish.  I  am  not  aware 
of  any  fossil  form  which  can  be  referred  to  the  same 
genus ;  but  it  looks  like  a  thing  which  might  be 
expected  to  have  congeners  in  the  upper  chalk. 
Holothurids  were  not  frequent,  but  the  singular 
little  Echinocuciimis  typica  of  Sars,  covered  with 
spiny  plates,  turned  up  in  eveiy  sifting. 


Crustacea  are  numerous ;  but  we  have  here  entirely 
lost  the  gigantic  Arctic  amphipods  and  isopods  of 
the  •  cold  area.'  A  pretty  little  stalk-eyed  form 
JDoryiichua  Ihonisoni,  Norman  (Fig.  Bi),  small  and 
delicate,  and  very  distinct  from  all  previously  de- 
scribed species  of  the  genus,  is  very  widely  diffused. 
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This  crab,  from  its  long  spiny  legs  and  light  body, 
very  often  comes  up  entangled  on  the  part  of  the  rope 
which  had  been  passing  over  the  ground.  Another 
handsome  new  species,  Amathia  carpenteri^  Nor- 
man (Fig.  35),  was  common  in  the  sandy  chalk- 
mud  of  the  *  Holtenia  ground.'  The  genus  had 
previously  been  familiar  as  a  Mediterranean  form. 

I  quote  from  a  preliminary  notice  of  the  Crus- 
tacea by  the  llev.  A.  Merle  Norman :  ^^  Ethusa 
granulata  (sp.  n.),  the  same  species  as  that  found 
off  Valentia,  but  exhibiting  a  most  extraordinary 
modification  of  structure.  The  examples  taken  at 
110 — 370  fathoms  in  the  more  southern  habitat 
have  the  carapace  furnished  in  front  with  a  spi- 
nose  rostrum  of  considerable  length.  The  animal 
is  apparently  blind,  but  has  two  remarkable  spiny 
eye-stalks,  with  a  smooth  rounded  termination 
where  the  eye  itself  is  ordinarily  situated.  In  the 
specimens  however  from  the  north,  which  live  in 
542  and  705  fathoms,  the  eye-stalks  are  no  longer 
moveable.  They  have  become  firmly  fixed  in  their 
sockets,  and  their  character  is  quite  changed.  They 
are  of  much  larger  size,  approach  nearer  to  each 
other  at  their  base,  and  instead  of  being  rounded  at 
their  apices  they  terminate  in  a  strong  rostrate 
point.  No  longer  used  as  eyes,  they  now  assume  the 
functions  of  a  rostrum ;  while  the  true  rostrum  so 
conspicuous  in  the  southern  specimens  has,  marvellous 
to  state,  become  absorbed.  Had  there  been  only  a 
single  example  of  this  form  procured,  we  should  at 
once  ha.ve  concluded  that  we  had  found  a  monstrosity, 
but  there  is  no  room  for  such  an  hypothesis  by  which 
to  escape  from  this  most  strange  instance  of  modifi- 
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cation  of  structure  under  altered  conditions  of  life. 
Three  specimens  were  procured  on  two  different 
occasions,  and  they  are  in  all  respects  similar." 

MoUusca  are  much  more  abundant  and  varied 
in  the  warm  area  than  in  the  cold.  Mr.  Gwyn 
JeflFreys  remarks,  however,  that  there  is  not  such 
a  decided  difference  in  the  Molluscan  fauna  of  the 
two  regions  as  might  have  been  expected  from  the 
difference  in  their  conditions;  very  many  species 
being  common  to  both.  At  500  fathoms  the  sponges 
are  full  of  JPecten  vitrens^  Chem.,  and  Columbella 
haliceti,  Jeffreys  ;  and  throughout  the  area  species 
occur  of  many  Molluscan  genera,  including  Lima^ 
Dao'idiuw ,  Nnculn,  Ledcf,  Monlacuta,  Aximis^  Astarte^ 
Tellina^  Ncwra^  Dentalium,  Cadulus^  Siphonoden" 
taliuMy  Bissoa,  Aclis,  Odostoinia^  Ajwrrhaie,  JPletiro- 
tomay  FiisuSy  and  Buccimim. 

Taken  as  a  whole  the  fauna  of  the  warm  area  off 
the  north  of  Scotland  seems  to  be  an  extension  of 
a  fauna  with  which  we  are  as  yet  very  imperfectly 
acquainted,  occupying*  what  we  must  now  call 
moderate  depths,  say  from  300  to  800  fathoms, 
along  coasts  which  are  bathed  by  currents  of  equa- 
torial water.  The  fauna  of  tliis  zone  is  evidently 
extremely  rich ;  and  as  it  is  beyond  the  reach  of 
ordinary  dredging  from  an  open  boat,  and  yet  not 
at  a  sufficient  depth  to  present  any  very  great  diffi- 
culty from  a  yacht  of  average  size,  its  exploration 
seems  to  present  just  the  combination  of  adventure 
and  novelty  to  stimulate  amateurs;  so  Ave  may 
hope  shortly  to  have  its  conditions  and  distribution 
cleared  up.  A  most  successful  step  in  this  direction 
has  been  made  already  by  Mr.  Marshall  Ilall,  who, 
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with  his  yacht  '  Noma,'  and  with  the  aid  of  Mr. 
Saville  Kent,  has  thrown  a  good  deal  of  additional 
light  upon  the  zoology  of  the  *  warm  area '  off  the 
coast  of  Portugal. 

We  left  Stornoway  on  the  13th  of  September,  and 
in  the  afternoon  dredged  for  a  few  hours  in  Loch 
Torridon  Avithout  much  result.  Late  in  the  evening, 
steaming  down  llaasay  Sound,  w^e  came  upon  the 
luminous  forest  of  Faconaria  to  which  I  have  already 
referred.  At  noon,  on  the  IJtth,  we  were  abreast  of 
the  Island  of  Mull,  and  on  the  15th  w^e  were  once 
more  moored  in  tlie  Abercorn  Basin,  Belfast,  where 
we  took  leave  of  the  '  Porcupine '  and  our  highly- 
valued  friends  her  captain  and  officers ;  in  the  hope 
of  meeting  them  again  shortly,  and  thoroughly 
satisfied  with  the  success  of  our  summer's  w^ork. 

On  the  24th  of  March,  1870,  a  letter  was  read  at 
the  council  meeting  of  the  lloyal  Society  from  Dr.  Car- 
penter, addressed  to  tlie  President,  suggesting  that  an 
exploration  of  the  deep  sea,  such  as  was  carried  out 
during  18C8  and  1809  in  the  regions  to  the  north  and 
Avest  of  the  British  Islands,  should  now  be  extended 
to  the  soutli  of  Europe  and  the  Mediterranean,  and 
that  the  council  of  the  lloyal  Society  should  recom- 
mend such  an  undertaking  to  the  favourable  con- 
sideration of  the  Admiralty,  with  a  view  to  obtain 
the  assistance  of  Her  ^lajesty's  Government,  as  on 
the  previous  occasions.  Tlie  oflicial  correspondence, 
with  reference*  to  the  expedition  of  the  summer  of 
1870,  is  given  in  Appendix  A  to  the  present  chapter. 

It  Avas  intended,  as  on  the  previous  occasion,  to 
divide  this  year's  expedition  into  cruises ;  and  again 
Mr.  Cwyn  Jeffreys  undertook  the  scientific  direction 


\ 


CHAP.  iv.J  THE  CRUISES  Ob  THE  '  PORCUPINE:  1 71) 

of  the  first  cruise,  at  a  time  when  both  Dr.  Carpenter 
and  I  were  occupied  with  our  oflB^cial  work.  A  young 
Swedish  naturalist,  Mr.  Joshua  Lindahl  of  the  Uni- 
versity of  Lund,  accompanied  him  as  zoological 
assistant,  and  Mr.  AV.  L.  Carpenter  took  charge  of 
the  chemical  department.  It  Avas  arranged  that  Mr. 
Jeffreys'  cruise  should  extend  from  Falmouth  to 
Gibraltar.  Dr.  Carpenter  and  I  were  to  have  re- 
lieved him  at  Gibraltar,  meeting  the  vessel  there,  and 
to  have  worked  toti^ether  as  we  did  the  vear  before ; 
but  I  was  unfortunately  laid  uj)  with  an  attack  of 
fever,  and  the  whole  charge  of  the  last  ci*uise  in  the 
Mediterranean  rested  with  Dr.  Carpenter.  Owing  to 
this  untoward  circumstance,  I  must  give  at  second- 
hand the  brief  account  of  th(^  first  part  of  the  work 
of  the  year  1870  which  is  necessary  to  complete  the 
sketch  of  what  has  been  done  towards  the  illus- 
tration of  the  condition  and  fauna  of  the  North 
Atlantic.  In  the  Mediterranean  Dr.  Carpenter  found 
the  conditions  of  temperature  and  of  the  distribu- 
tion of  animal  life  entirely  exceptional,  as  might 
have  been  to  a  certain  extent  anticipated  from  the 
exceptional  circumstances  of  that  land-locked  sea. 
The  investigation  of  1870  can  only  be  said  to  have 
broken  ground  towards  the  solution  of  a  series  of 
very  special  and  peculiar  problems;  and  I  am  not 
in  a  position  to  go  farther  at  present  than  to  indicate 
the  general  results  at  wliich  my  colleague  has  arrived. 
The  *  Porcupine '  left  Falmouth  on  the  Ith  of  July, 
but  was  detained  in  the  Channel  for  several  days  by 
fogs  and  contrary  winds.  On  the  7th  of  July,  they 
reached  the  slope  from  the  plateau  of  the  Channel  to 
the  deep  water  of  the*  Atlantic,  and  took  a  first  haul 
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in  567  fathoms.  Mr.  Jeffreys  reports  the  contents  of 
the  dredije  as  small  but  very  interestinii^.  Among 
the  moUusca  he  notes  Terehralxda  septata^  Limopsis 
horealis^  JSela  teiiella^  Verticordia  ahybmcola^  Turbo 
filosuSy  and  Ringicnla  ventricosa.  Turbo  filosus  and 
its  variety  T.  glabratus  had  previously  been  known 
only  as  fossils  in  the  tertiaries  of  Calabria  and  Mes- 
sina. Terebratula  septata^  Limopsis  borealis^  and 
Hela  tenella  are  likewise  fossil  in  the  Pliocene  beds  of 
southern  Italy,  and  are  found  living  in  the  Scandi- 
navian seas.  Mr.  Norman  notes  among  the  crus- 
taceans new  species  of  Ampelisca  and  of  six  other 
genera ;  and  the  beautiful  scarlet  Echinus  microstoma 
was  the  most  conspicuous  echinoderm. 

The  wind,  as  the  vessel  passed  over  the  slope  of  the 
Channel,  was  rather  too  light  for  successful  dredging ; 
the  drift-way  was  scarcely  sufficient  to  carry  the 
dredge  along.  The  tangles  were  most  valuable, 
coming  in  as  highly  effective  aids,  particularly  in 
securing  all  things  provided  with  anything  in  the 
form  of  spines  or  other  asperities. 

On  the  8th  the  first  haul  was  nearly  a  failure.  Other 
hauls  later  in  the  day,  at  690  and  500  fathoms,  gave 
important  results.  Rlnjnchonella  ^/cw/r/.  Segued  ZA  ; 
Pleuronectiay  sp.  n.  ;  and  Actceon^  sp.  n.,  occurred: 
besides  the  usual  northern  species.  Mr.  Norman 
reports  as  to  No.  3 :  "  A  most  important  dredging, 
the  results  among  the  Crustacea  being  more  valu- 
able than  all  the  rest  put  together — at  any  rate 
of  the  first  cruise.  It  contains  almost  all  of  the 
choicest  of  the  new  species  in  last  year's  expedi- 
tion, and  four  stalk-eyed  crustaceans  of  great  in- 
terest,  three   of    which    are   new,    and    the   fourth, 
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Geryon  tridens,  is  a  fine  Norwegian  species.  With 
these  are  associated  two  forms  of  a  more  southern 
character,  Inachiis  dorsettensis  and  Ebalia  cranchiiy 
which  I  should  not  have  expected  at  so  great  a 
depth."  The  echinoderms  were  a  very  northern 
group.  They  included  Cidari^  papillata,  Echinus  nor- 
vegiciis  and  E,  microstoma^  the  young  of  Brisaopsis 
lyrifercij  Astropecten  arcthu^,  Ar chaster  andromeda^ 
and  A,  parelliiy  with  a  small  specimen  of  Ophio- 
mtmtim  lymani,  several  examples  of  Ophiacantha 
spwulosa,  and  as  usual  one  or  two  of  the  universally 
distributed  Echinociicnynis  typica.  Dr.  Mcintosh,  to 
whom  the  annelids  were  referred,  notices  as  a  species 
supposed  to  be  specially  northern,  Thelepus  coro- 
natuSj  Fab.;  and  Hoi  tenia  carpenteri,  our  familiar 
anchoring  sponge,  of  all  sizes  and  ages  and  in  consider- 
able numbers,  was  entangled  in  the  hempen  *  swabs.' 
July  9th. — The  wind  still  too  light  for  eflPective 
work.  Dredged  in  717  and  358  fathoms,  the  assem- 
blage of  mollusca  having  the  usual  character  of  being 
to  a  great  extent  common  to  the  recent  fauna  of  the 
seas  of  Norway  and  to  the  pliocene  fauna  of  Sicily 
and  the  Mediterranean.  It  included  on  this  occasion 
Terebratella  spitzberge^isisy  an  arctic  and  Japanese 
form.  Pec  ten  vitreusy  and  P.  aratus^  Leda  pemulay 
Trochiis  suturalisy  Odostomia  nite?iSy  and  Fleurotoma 
hispidulum.  Among  the  echinoderms  was  a  fine 
specimen  of  Brisinga  endecacnemos^  Absjornsen, 
very  markedly  diflPerent  from  B,  coronata^  which  was 
the  form  commonly  met  with  in  the  north.  The 
corals  were  represented  by  Amphihelia  oculata  and 
Desmophyllum  crista-galli.  Among  the  annelids  were 
Pista  cristatay  O.  F.  Mijller,  and  Trophonia  glattca. 
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Malmguen,  both  of  them  Arctic  species.  The  10th 
was  Sunday,  and  the  vessel  lay-to,  and  on  the  11th 
they  dredged,  still  on  the  slope  of  the  channel  plateau, 
with  nearly  the  same  result  as  before,  the  fauna 
maintaining  the  same  character. 

Mr.  Gwyn  Jeffreys  was  now  anxious  to  get  a  haul 
or  two  in  the  very  deep  water  off  tlie  mouth  of  the 
Bay  of  Biscay,  which  we  had  explored  successfully 
in  1869.  They  therefore  steamed  southwards,  going 
a  considerable  distance  without  dredging,  as  they 
were  afraid  of  (joming  in  contact  with  the  cable 
between  Brest  and  North  America.  When  they  got 
to  their  ground  unfortunately  bad  weather  set  in, 
and  they  were  obliged  to  make  for  Vigo.  On  Thurs- 
day, July  14th,  they  passed  Cape  Pinisterre,  and 
dredged  in  81  fathoms  about  9  miles  from  the 
Spanish  coast.  Along  with  a  number  of  familiar 
forms,  some  of  them  with  a  wide  northern  exten- 
sion, they  here  took  on  the  tangles  two  specimens, 
one  young  and  one  apparently  mature,  both  con- 
siderably injured,  of  the  singular  Echinidean  already 
mentioned,  Calveria  fenestrata.  This  is  evidently 
not  a  rare  form  nor  is  it  confined  to  very  deep  water ; 
it  is  rather  remarkable  tliat  it  should  have  escaped 
notice  so  long.  On  the  15  th,  they  sounded  in  from 
100  to  200  fathoms,  about  40  miles  from  Vigo,  and 
on  the  16th  took  one  or  two  hauls  in  Vigo  Bay  at 
a  depth  of  20  fathoms.  This  locality  had  already 
been  well-nigli  exhausted  by  Mr.  McAndrew  in  1849, 
and  only  a  few  additions  were  made  to  his  list. 

They  left  Vigo  on  the  18th.  I  quote  from  Mr. 
Gwyn  Jeffreys : — 

"  Wednesday^  July  20tk, — Dredged  all  day  with 
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considerable  success  at  depths  from  380  to  994 
fathoms  (Stations  IHG) :  the  wind  and  sea  had  now 
gone  down;  and  we  took  with  the  scoop-net  a  few 
living  specimens  of  Clio  cnsindata.  The  dredgings  in 
380  and  409  fathoms  yielded  among  the  moUusca 
Leda  lucida  (Norwegian  and  a  Sicilian  fossil),  Aximv8 
etwij/arhfa  (also  Norwegian),  Ne(vra  oheaa  (Spitz- 
bergen  to  tlie  West  of  Ireland),  Odosiomia,  n.  sp.,  O. 
mimita  (Mediterranean),  and  Cerithlum^  n.  sp.  ;  and 
among  the  cchinoderms  Avere  BrisiiKja  endecacnemos 
and  Asteronyx  loKci?i.  ]?ut  the  results  of  the  dredg- 
ing in  994  fathoms  were  so  extraordinary  as  to  excite 
our  utmost  astonishment.  It  being  late  in  the  even- 
ing, the  contents  of  the  dredge  could  not  be  sifted 
and  examined  until  daylight  the  next  morning.  We 
then  saw  a  marvellous  assemblage  of  shells,  mostly 
dead,  but  comprising  certain  species  which  we  had 
always  considered  as  exclusively  northern,  and  others 
which  Mr.  Jetfreys  recognized  as  Sicilian  tertiary  fos- 
sils, while  nearly  40  per  cent,  of  the  entire  number 
of  species  were  undescribed,  and  some  of  them  repre- 
sented new  genern.  Tlie  following  is  an  analysis  of 
the  moUusca  perfect  and  fragmentary  taken  in  this 
one  liaul : — 
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The  northern  species  above  referred  to  are  34  in  num- 
ber, and  include  Dacridium  vitreum,  Xucula  ptiniiluy 
Leda  lucida^  L.frigidci^  Verticordia  ahyssicola^Necera 
jugosa^N.ohesa^  Tecltira  fidva ^  Fissurisepta  papillosa^ 
Torellia  vestita,Pleurotoma  liivricula^  Ad  mete  viridula, 
Cylichna  alba,  Cylichna  ovata,  Jeffreys  n.  sp.,  Bulla 
comihiSf  S.  AVooD  not  Desrayes  (Coralline  Crag), 
and  Scaphander  lihrarhis.  Leda  lucida,  Necerajugosa, 
Tecttirajulvay  Fissuri^ejjta  jiajnlloaay  Torellia  vestita, 
as  well  as  several  other  known  species  in  this  dredging, 
are  also  fossil  in  Sicily.  Nearly  all  these  shells,  as 
well  as  a  few  small  echinoderms,  corals,  and  other 
organisms,  had  evidently  been  transported  by  some 
current  to  the  spot  wliere  they  were  found  ;  and  they 
must  have  formed  a  thick  deposit  similar  to  those  of 
which  many  tertiary  fossiliferous  strata  are  composed. 
It  seemed  probable  also  that  the  deposit  was  partly 
caused  by  tidal  action,  because  a  fragment  of  Melam- 
pits  myosotis  (a  littoral  pulmonibranch)  was  mixed 
with  deep-water  and  oceanic  Pectinibranchiates  and 
Lamellibranchiates.  None  of  the  shells  were  Miocene 
or  of  an  older  period. 

"This  remarkable  collection,  of  which  not  much 
more  than  one-half  is  known  to  conchologists,  not- 
withstanding their  assiduous  labours,  teaches  us  how 
much  remains  to  be  done  before  we  can  assume  that 
the  record  of  Marine  Zoology  is  complete.  Let  us 
compare  the  vast  expanse  of  the  sea-bed  in  the  North 
Atlantic  with  that  small  fringe  of  the  coast  on  both 
sides  of  it  which  has  yet  been  partially  explored,  and 
consider  with  reference  to  the  dredging  last  men- 
tioned what  are  the  prospects  of  our  ever  becoming 
acquainted   with    all    the    inhabitants   of   the   deep 
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throughout  the  glohe  !  Wc  believe,  however,  that  a 
thorough  examination  of  the  newer  Tertiaries  would 
materially  assist  us  in  the  inquiry  ;  and  such  exami- 
nation is  feasible  and  comparatively  easy.  Much 
good  work  has  been  done  in  this  line ;  but  although 
the  researches  of  Brocchi,  Bivona,  Cantraine,  Phi- 
lippi,  Calcara,  Costa,  Aradas,  Brugnone,  Seguenza, 
and  other  able  palaeontologists  in  the  south  of  Italy 
have  extended  over  more  than  half  a  century,  and 
are  still  energetically  prosecuted,  many  species  of 
molluscous  shells  are  continually  being  discovered 
there,  and  liave  never  been  published.  Besides  the 
Mollusca  in  this  dredging  from  994  fathoms,  Pro- 
fessor Duncan  informs  us  that  there  are  two  new 
genera  of  corals,  and  Flabellum  distinct um^  which  last 
lie  regards  as  identical  with  one  from  North  Japan. 
It  coincides  with  the  discovery  on  the  Lusitanian 
coasts  of  two  Japanese  species  of  a  curious  genus  of 
Mollusca,  Ferticoi'dia^  both  of  which  are  fossil  in 
Sicily  and  one  of  them  in  the  Coralline  Crag  of 
Suffolk." 

In  the  same  dredging  there  are  a  number  of  very 
singular  undescribed  sponges,  many  of  them  recalling 
some  of  the  most  marked  characters  of  one  of  the 
sections  of  V^entriculates.  These  will  be  referred  to 
in  a  future  chapter. 

On  Thursdav,  the  21st  of  Julv,  dredging  w^as 
carried  on  all  day  at  depths  from  600  to  1095  fathoms, 
lat.  39°  42'  N.,  long.  9^43'  AV.,  with  a  bottom  tempera- 
ture  at  1095  fathoms  of  4°  3  C.  and  at  740  fathoms 
of  9'''4  C.  The  dredging  was  most  successful ;  many 
of  the  new  and  peculiar  mollusca  of  the  last  dredging 
were  taken  here  alive,  with  several  additional  forms. 
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Several  undescribed  crustaceans  were  added ; — a  new 
species  of  the  genus  Crenocyathus  among  the  corals, 
and  a  species  of  an  uuKuown  genus  allied  to  Bathy- 
cyalhu^,  Brisinga  endecacnemos  and  some  new  ophi- 
urids  were  part  of  the  treasures,  but  the  greatest 
prize  was  a  splendid  Pentacrmna  about  a  foot  long,  of 
which  several  specimens  came  up  attached  to  the  tan- 
gles. This  northern  Sea -lily,  on  which  my  friend  Mr. 
Gwyn  Jeffreys  has  bestowed  the  name  Pentacrintis 
wyville4honi8oni^  will  be  described  hereafter  with  some 
other  equally  interesting  members  of  the  same  group. 

Cape  Espichcl  was  reached  on  the  25th.  The 
weather  was  now,  however,  so  rough  that  Captain 
Calver  was  obliged  to  take  shelter  in  Setubal  Bay. 
JVofessor  Barboza  de  Bocage  of  Lisbon  had  given 
Mr.  Gwyn  Jeffreys  a  letter  of  introduction  to  the 
coastguard  officer  at  Setubal,  who  knew  the  place 
wliere  the  deep-sea  shark  and  the  Hyalonema  are 
taken  bv  tlie  fishermen,  but  the  state  of  the  weather 
prevented  his  taking  advantage  of  it. 

Off  Cape  Espicliel  in  710  and  718  fathoms,  with  a 
temperature  of  lO''^  C,  the  moUusca  were  much  the 
same  as  those  from  Station  IG,  but  included  Leda 
pimOy  Limopsis  pygmcea  (Sicilian  fossils),  and  Verti- 
cordia  acvticostata.  The  last-named  species  is  in- 
teresting in  a  geological  as  well  as  a  geographical 
point  of  view.  It  is  fossil  in  the  Coralline  Crag 
and  the  Sicilian  Pliocene  beds,  and  it  now  lives  in  the 
Japanese  archipelago.  Mr.  Jeffreys  suggests  a  mode 
of  accounting  for  tlie  community  of  so  many  species 
to  the  eastern  borders  of  the  Atlantic  basin  and  the 
Mediterranean,  in  which  several  Japanese  brachi- 
opods   and  crustaceans   are    found,  and   the  seas  of 
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Northern  Asia,  by  supposing  a   migration  through 
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the  Arctic  Sea.      AVc   must    know,   however,  much 
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more  than  we  yet  do  of  the  extension  both  in  time 
and  space  of  the  fauna  of  deep  water  before  we  can 
come  to  any  certain  conclusion  on  these  questions. 

Dredging  across  the  entrance  of  the  Strait  of  Gib- 
raltar in  477,  651,  and  554  fathoms.  Stations  31,  32, 
and  33,  with  a  bottom  temperature  of  10°-3,  10°-1, 
and  lO'^O  respectively,  many  remarkable  forms  were 
dredged,  including  a  very  elegant  sponge,  apparently 
allied  to,  if  not  identical  with,  Oscar  Schmidt's, 
Caminus  vulcanic  and  some  beautiful  forms  of  the 
Corallio-spongiae,  which  will  be  noticed  in  a  future 
chapter.  Station  No.  31  yielded  a  sponge  form 
which  recalled  the  branching  heather-like  Cladorhiza 
of  the  cold  area  off  Faeroe.  Chondrocladia  virgata 
(Fig.  36)  is  a  graceful  branching  organism  from 
twenty  to  forty  centimetres  in  height.  A  branching 
root  of  a  cartilaginous  consistence,  formed  of  densely 
packed  sheaves  of  needle-shaped  spicules  bound 
together  by  a  structureless  organic  cement,  attaches 
the  sponge  to  some  foreign  body,  and  supports  it 
in  an  upright  position;  and  the  same  structure  is 
continued  as  a  solid  axis  into  the  main  stem  and  the 
branches.  The  axis  is  made  up  of  a  set  of  very  definite 
strands  like  the  strands  of  a  rope,  arranged  spirally, 
so  as  to  present  at  first  sight  a  strong  resemblance  to 
the  whisp  of  Uyalonema  ;  but  the  strands  are  opaque, 
and  break  up  under  the  point  of  a  knife  ;  and  under 
the  microscope  they  are  found  to  consist  of  minute 
needle-like  spicules  closely  felted  together.  The  soft 
sponge  substance  spreads  over  the  surface  of  the  axis 
and  rises  into  long  curving  conical  processes,  towards 
the  end  of  which  there  is  a  dark  greenish  oval  mass 
of  granular  sponge  matter,  and  tlie  outline  of  the 
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cone  is  continued  beyond  this  by  a  number  of 
groups  of  needle-shaped  spicules  which  surround  a 
narrow  oscular  opening.  All  parts  of  the  sponge 
are  loaded  with  triple-toothed  'bihamate'  spicules 
of  the  sarcode. 

On  the  5th  of  August  the  *  Porcupine '  steamed  into 
Tangier  Bay,  after  ineffectually  trying  to  dredge  in 
190  fathoms  off  Cape  Spartel.  In  Tangier  Bay  two 
casts  were  taken  at  a  depth  of  35  fathoms.  The 
fauna  was  chiefly  British,  with  a  few  more  southern 
forms. 

On  the  6th  of  AuGrust  Mr.  Jeffreys  went  to  Gib- 
raltar,  and  there  yielded  up  the  reins  to  Dr.  Car- 
penter, going  on  to  Sicily  via  Malta,  for  the  purpose 
of  examininiiir  the  newer  tertiary  formations  in  the 
south  of  Italy,  and  the  collections  of  fossil  shells  at 
Catania,  Messina,  Palermo,  and  Naples,  in  connec- 
tion with  the  results  of  his  cruise. 

On  Monday,  the  15tli  of  August,  Captain  Calver, 
with  Dr.  Carpenter,  who  fortunately  retained  the 
services  of  Mr.  Lindahl  as  assistant,  in  charge  of  the 
science  department,  steamed  out  into  the  middle  of 
the  Strait  for  the  ])urpose  of  commencing  a  series 
of  observations  on  the  currents  of  the  Strait  of 
Gibraltar. 

These  experiments,  which  at  the  time  were  not 
considered  very  satisfactory,  were  repeated  and  ex- 
tended in  the  summer  of  1871  by  Captain  Nares, 
R.N.,  and  Dr.  Carpenter,  in  II.M.S.  'Shearwater.' 
Their  curious  results  have  been  given  in  great  detail 
by  Dr.  Carpenter  in  the  Proceedings  of  the  Royal 
Society  of  London,  and  by  Captain  Nares  in  a  special 
report  to  the  Admiralty.      As  it  is  my  purpose  to 
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confine  myself  at  present  almost  exclusively  to  the 
description  of  the  phenomena  of  the  deep  water  in  the 
Atlantic  so  far  as  these  have  been  worked  out,  I 
will  not  here  repeat  the  narrative  of  the  experiments 
in  the  Strait.  I  will,  however,  give  a  brief  sketch  of 
Dr.  Carpenter's  cruise  in  the  Mediterranean,  as  the 
remarkable  phenomena  connected  with  the  distribu- 
tion of  temperature  and  of  animal  life  which  he 
observed,  illustrate  while  they  contrast  with  the 
singularly  different  conditions  which  have  been 
already  described  in  the  outer  ocean. 

The  first  sounding  in  the  basin  of  the  Mediter- 
ranean was  taken  on  the  IGth  of  August,  lat.  ZGl"  0' 
N.,  long.  4°  40'  AV.,  at  a  depth  of  58()  fathoms,  with  a 
bottom  of  dark  grey  mud.  The  surface  temperature 
was  23''"6  C,  and  the  bottom  temperature  12''-8  C, 
about  three  degrees  higher  than  at  the  same  depth 
in  the  ocean  outside.  A  serial  sounding  was  taken  to 
determine  the  rate  of  the  diminution  of  temperature, 
with  the  followini?  curious  result : — 

Surfarft 2.7"  fJC. 

10  fathoms 20  •  i) 

20       „  18     (i 

*j\j       .f  .     .  .     .  .  it**f 

40       „  10-7 

no 15  •  G 

100       „  12-8 

:)8()       „  12-8 

Thus  the  temperature  fell  rapidly  for  the  first  30 
fathoms,  more  slowly  for  the  next  20,  from  50  to  100 
lost  only  3"  C,  and  before  reaching  the  depth  of  a 
hundred  fathoms  had  attained  its  minimum  tempera- 
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turc,  there  being  no  f urtlier  diminution  to  the  bottom. 
This  serial  sounding  and  all  the  subsequent  tempera- 
ture observations  taken  durins;  the  Mediterranean 
cruise  showed  that  tlie  trough  of  the  Mediterranean 
from  the  depth  of  100  fathoms  downwards  is  filled 
with  a  mass  of  water  at  almost  exactly  the  same 
temperature  throughout,  a  temperature  a  little  al)Ove 
or  below  12°  75  C. 

The  following:  instances  have  been  cited  bv  Dr. 
Carpenter  from  the  earlier  observations  in  the  Medi- 
terranean basin,  to  show  the  great  uniformity  of  the 
l)ottom  temperature  for  all  depths  : — - 
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At  this  last  Station  (No.  17)  a  serial  sounding  was 

taken,    wliich  entin^ly  confirmed  the  results  of  the 
lirst  (No.  10)  :— 
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— again  a  mass  of  water  lying  at  the  bottom,  745 
fathoms — not  far  from  a  mile — in  depth,  at  the 
uniform  temperature  of  12''-6C.  (o-ii^'TF.) 

The  dredge  was  sent  down  at  each  successive 
station,  but  with  very  poor  result ;  and  Dr.  Car- 
penter was  driven  to  the  conclusion  that  the  bottom 
of  the  Mediterranean  at  depths  beyond  a  few  hundred 
fathoms  is  nearly  azoic.  The  conditions  are  not 
actually  inconsistent  with  the  existence  of  animal 
life,  for  at  most  of  the  stations  some  few  living  forms 
were  met  witli,  but  they  are  certainly  singularly  un- 
favourable. Thus  at  Station  49,  at  a  depth  of  1412 
fathoms,  and  a  temperature  of  12°'7  C,  the  following 
species  of  mollusca  were  obtained  :  Nucula  quadrata, 
n.  sp. ;  N,  jjumila,  Absjornsen  ;  Leda,  n.  sp. ;  Verti- 
coi^dia  granulatay  Seg.  ;  Ilela  tenella^  Jeffreys  ; 
Troclm^  gemmulatus^  Ph.;  Bissoa  subsoluta,  Aradas  ; 
Natica  affinis^  Gmelin  ;  Trophon  multilamellosus^ 
Pn. ;  Nassa  prismatica^  Jin. ;  Columbella  halicetiy 
Jeff.  ;  Buccinium  acuticoslatum,  Ph.  ;  Pleurotoma 
cariuatum^  Cristofori  and  Jan;  P.  lorqnatum,  Ph.; 
P.  decussalum^  Ph. 

Near  the  African  coast  the  fauna  was  more  abun- 
dant, but  the  bottom  was  so  rough  that  it  was  unsafe 
to  use  the  dredge,  and  the  tangles  were  usually  sent 
down  alone.  Many  polyzoa,  echinoderms,  corals,  and 
sponges  were  taken  in  this  way,  but  they  were  mostly 
well-known  ^Mediterranean  species.  After  remaining 
for  a  few  davs  at  Tunis  and  visitin*'  the  ruins  of 
Carthage,  dredging  was  resumed  on  the  6th  of 
September  on  the  '  Adventure'  Bank ,  so  called  from 
its  having  been  discovered  l)y  Admiral  Smyth  when 
surveying  in  Il.M.S.  'Adventure.'     Hero,  at  depths 
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from  30  to  250  fathoms,  animal  life  was  tolerably 
abundant.  With  other  mollusca  the  following  were 
found: — Trochn^  sutiiraUs^  Ph.  (Sicilian  fossil); 
Xenophora  crispa^  Konig  (Sic.  fossil)  ;  Cylichna 
striatula^  FoiiBES  (Sic.  fossil) ;  C.  ovidata,  Brocchi 
(Sic.  fossil) ;  Gadinia  excentrica,  Tiberi  ;  Scalaria 
frondom^  J.  Sowerby  (Sicilian  and  Coralline  Crag 
fossil) ;  Fyrainidella  pUcosa^  Bronx  (Sic.  and  Cor. 
Crag  fossil) ;  Actceon  pHsillns,  Forbes  (Sic.  fossil). 
The  Echinodermata  were  abundant  so  far  as  indi- 
viduals went,  but  the  number  of  species  was  small, 
and  they  were  nearly  all  well-known  IVlediter- 
ranean  forms.  Cidari^  p)apillat(iy  Leske,  showing 
many  varieties,  but  differing  in  no  specific  character 
from  the  many  forms  of  the  same  species  which 
range  from  North  Cape  to  Cape  Spartel  in  the 
ocean  outside.  The  Mediterranean  varieties  of  this 
species  are  certainly  Cidari^  hyslrivy  of  Lamarck. 
I  feel  a  degree  of  uncertainty  about  the  pretty 
little  Cidaris,  described  by  Philippi  under  the  name 
of  C.  affinis.  Characteristic  examples  of  it,  which 
are  abundant  on  the  'Adventure'  Bank  and  along 
the  African  coast,  look  very  distinct.  Tliey  are  of 
a  beautiful  deep  rose  red,  the  spines  are  banded 
with  red  and  brownish-yellow,  and  come  to  a  fine 
point,  while  those  of  C  ])cf2)illata  are  usually  blunt 
at  the  point,  and  frequently  even  a  little  expanded 
or  cupped ;  and  the  portion  of  the  interambu- 
lacral  plates  covered  with  miliary  granules  is  wider, 
and  two  defined  rows  of  body  spines  nearly  of  equal 
size  lie  up  against  the  bases  of  the  primary  spines, 
over  the  alveola).  These  would  appear  to  be  cha- 
racters of  specific  value,  but  then  again  there  are 
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a  mass  of  intermediate  forms;  and  although  after 
eareful  consideration  I  have  described  the  two 
Hpccjcs  as  distinct,  I  find  it  a  matter  of  great  diffi- 
culty to  draw  the  line  between  them.  Several 
specimens  of  a  handsome  Astrogonium  allied  to 
A.  graniilare  were  taken  on  the  *  Adventure ' 
liink.  Professor  Duncan  reports  some  interesting 
corals,  and  Professor  AUman  two  new  species  of 
Aglaophenia ;  and  Dr.  Carpenter  detected  once 
more  the  delicate  Orbitoliles  tenuissimus,  and  the 
largo  nautiloid  Lituola^  with  which  he  was  familiar 
in  tlie  dredgings  in  the  Atlantic. 

After  a  short  stay  at  Malta,  on  September  20th  the 
*  Porcupine '  steamed  out  of  Valetta  Harbour,  and 
steercMl  in  a  nortli-casterly  direction,  towards  a  point 
seventy  miles  distant,  at  which  a  depth  of  1700 
fathoms  was  marked  on  the  chart.  This  was  reached 
(»arly  i\\v.  next  morning,  and  the  line  ran  out  1743 
fathoms,  lat.  \\(V  WV  80"  N.,  long.  15°  46' 30"  (No.  60), 
with  a  t(Mnperature  of  13°*4  C,  more  than  half  a 
dogr(»o  higher  than  the  temperature  of  the  deepest 
sounding  in  the  western  basin.  The  tube  of  the 
sounding  ai)paratus  brought  up  a  sample  of  yellow 
clay,  so  lik(»  the  bottom  at  some  of  the  most  impro- 
ductivo  spots  in  the  western  Mediterranean,  that 
it  was  not  considered  advisable  to  delay  the  time 
noci^ssarv  for  oven  a  sini>le  cast  of  the  dredsre,  which 
at  ihat  depth  would  have  occupied  nearly  a  day. 
llavinij:  thus  satisfied  themselves  as  far  as  thev 
could  by  a  lew  observations  that  the  physical  con- 
ditions of  the  eastern  basin  of  the  Mediterranean 
weiv  similar  to  those  of  the  western,  thev  steered  for 
the  iH>ast  of  Sioilv.    Quietlv  alonj;  the  Sicilian  coast 
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during  the  night,  in  early  morning  through  the 
narrowest  part  of  the  Strait  l^etwecn  Messina  and 
lleggio,  past  Charybdis  and  the  castled  rock  of  Scylla, 
and  so  out  of  the  *Faro'  into  the  open  sea  to  the 
north  of  Sicily,  studded  with  the  liipari  Islands. 
A  temperature  sounding  taken  near  Stromboli,  lat. 
38°  26'  30"  N.,  long.  15°  32'  E.,  gave  a  depth  of  730 
fathoms,  and  a  bottom  temperature  of  13°*1  C,  while 
the  temperature  of  the  surface  was  22°*5  C. 

Under  the  rugged  cone  of  Stromboli  the  dredgers 
took  another  set  of  temperatures,  with  the  result  com- 
mon to  the  whole  volcanic  neighbourhood  of  Sicily, 
of  a  temperature  slightly  higher  than  that  of  the  deep 
water  in  the  western  basin  of  tlie  Mediterranean,  a 
phenomenon  of  which  it  would  take  long  and  careful 
observation  to  determine  the  cause  ;  and  while  doing 
so  they  pondered  on  the  cloud  of  smoke  hanging  over 
the  peak,  so  suggestive  of  the  theatre  of  subterranean 
change  beneath,  and  admired  the  industry  and  enter- 
prise of  those  who,  rendered  contemptuous  by  the 
familiarity  of  ages,  carried  their  vineyards  *'  all  over 
the  cone,  save  on  two  sides,  looking  north-west  and 
south-east,  over  one  or  other  of  w  hich  there  is  a  con- 
tinual discharge  of  dust  and  ashes." 

Their  course  was  now  laid  straight  for  Cape  de 
Gat,  which  they  passed  on  the  27th  of  September, 
arriving  at  Gibraltar  on  the  28tli.  At  Gibraltar, 
Dr.  Carpenter  resumed  his  observations  and  experi- 
ments on  the  currents  of  the  Strait.  These  obser- 
vations were  continued  until  the  2nd  of  October, 
when  it  became  necessary  for  Captain  Calver  to  re- 
turn homewards.  The  coast  of  Portugal  was  repassed 
in  fine  w^eather,  the  time  at  their  disposal  not  allow- 
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ing  any  further  use  of  the  dredge  in  the  deep  water, 
and  after  encountering  a  fresh  hreeze  in  the  uhops  of 
the  Channel,  on  the  evening  of  October  the  8th,  the 
'  Porcupine '  anchored  at  Cones. 
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APPENDIX  A. 

Extracts  fro7n  the  Minutes  of  Coiuieil  of  the  lloyal  Socieffj,  and 
other  Official  Documents  referring  to  the  Cruise  of  II.M.S. 
'  Porcupine  '  dicring  tlie  Summer  of  1870  : — 

March  24,  1870. 

A  Letter  was  read  from  Dr.  Carpenter,  addressed  to  the 
President,  suggesting  that  an  Exploration  of  the  Deep  Sea,  such 
as  was  carried  out  during  1868  and  1869  in  the  regions  to  the 
North  of  the  British  Islands,  should  now  be  extended  to  the 
South  of  Europe  and  the  Mediterranean,  and  that  the  Council 
of  the  Royal  Society  should  recommend  such  an  undertaking  to 
the  favourable  consideration  of  the  Admiralty,  with  a  view  to 
obtain  the  assistance  of  Her  Majesty's  ( Jovernment  as  on  the 
previous  occasions. 

Eesolved, — That  a  Committee,  consisting  of  the  President 
and  Officers,  with  the  Hydrographer,  Mr.  Gwyn  Jeffreys, 
Mr.  Siemens,  Professor  Tyndall,  and  Dr.  Carpenter,  with 
power  to  add  to  their  number,  be  appointed,  to  consider 
the  expediency  of  adopting  the  proposal  of  Dr.  Carpenter, 
and  the  plan  to  be  followed  in  carrying  it  out,  as  well 
as  the  instruments  and  other  appliances  that  would  be 
required,  and  to  report  their  opinion  thereon  to  the 
Council ;  but  with  power  previously  to  communicate  to  the 
Admiralty  a  draft  of  such  report  as  they  may  agree  upon, 
if  it  shall  appear  to  them  expedient  to  do  so  in  order  to 
save  time. 

April  28,  1S70. 

Eead  the  following  Report : — 

"  The  Committee  appointed  on  the  24th  of  March  to  consider 
a  proposal  for  a  further  Exploration  of  the  Deep  Sea  during  the 
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ensuing  summer,  as  well  as  the  scientific  preparations  which 
would  be  required  for  a  new  expedition,  beg  leave  to  report  as 
follows : — 

"The  general  course  proposed  to  be  followed,  and  the  chief 
objects  expected  to  be  attained  in  a  new  expedition,  are  pointed 
out  in  the  following  extract  from  the  letter  of  Dr.  Carpenter, 
read  to  the  Council  on  the  24th  ult.,  which  was  referred  to  the 
Committee : — 

" '  The  plan  which  has  been  marked  out  between  my  colleagues 
in  last  year's  work  and  myself  is  as  follows  : — 

"  *  Having  reason  to  hope  that  the  "  Porcupine  "  may  be  spared 
towards  the  end  of  June,  we  propose  that  she  should  start  early 
in  July,  and  proceed  in  a  S.W.  direction  towards  the  furthest 
point  to  which  our  survey  was  carried  last  year;  carefully 
exploring  the  bottom  in  depths  of  400  to  800  fathoms,  on 
which,  as  experience  has  shown  us,  the  most  interesting  collec- 
tions are  to  be  made ;  but  also  obtaining  a  few  casts  of  the 
Dredge  with  Temi)erature-soundings  at  greater  depths,  as  oppor- 
tunities may  occur. 

"  *  The  course  should  then  be  nearly  due  South,  in  a  direction 
of  geneml  parallelism  with  the  coast  of  France,  Spain,  and 
Portugal,  keeping  generally  within  the  depths  just  mentioned, 
but  occasionally  stretching  westwards  into  yet  deeper  waters. 
From  what  has  been  already  done  in  about  400  fathoms*  water 
off  the  coast  of  Portugal,  there  is  no  doubt  that  the  ground  is 
there  exceedingly  rich.  \Mien  approaching  the  Straits  of 
Gibraltar,  the  survey,  both  Physical  and  Zoological,  should  be 
carried  out  with  great  care  and  minuteness ;  in  order  that  the 
important  problem  as  to  the  currents  between  the  Mediterranean 
and  Atlantic  Seas,  and  the  relation  of  the  Mediterranean  Fauna 
to  that  of  the  Atlantic  (on  which  Mr.  Gwyn  Jeffreys  is  of 
opinion  that  the  results  of  our  last  year  s  work  throw  an  entirely 
new  light),  may  be  cleared  up. 

" '  ;Mr.  Gwyn  Jeffreys  is  prepared  to  undertake  the  scientific 
charge  of  this  part  of  the  expedition  ;  and  if  Professor  Wyville 
Thomson  should  not  be  able  to  accompany  him,  it  will  not  be 
difficult  to  find  him  a  suitable  assistant. 

"*The  ship  would  probably  reach  Gibraltar  early  in  August, 
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and  there  I  should  be  myself  prepared  to  join  her,  in  place  of 
Mr.  Jeffreys,  with  one  of  my  sons  as  an  assistant.  We  should 
propose  first  to  complete  the  survey  of  the  Straits  of  Gibraltar, 
if  that  should  not  have  been  fully  accomplished  previously ;  and 
then  to  proceed  eastwards  along  the  Mediterranean,  making 
stretches  between  the  coasts  of  Europe  and  Africa,  so  as  to  carry 
out  as  complete  a  survey,  Physical  and  Zoological,  of  that  part 
of  the  Mediterranean  basin  as  time  may  permit.  Malta  would 
probably  be  our  extreme  point ;  and  this  we  should  reckon  to 
reach  about  tlie  middle  of  September. 

" '  It  is  well  known  that  there  are  questions  of  great  Geolo- 
gical interest  connected  with  the  present  distribution  of  Animal 
life  in  this  area ;  and  we  have  great  reason  to  believe  that  we 
shall  here  find  at  considerable  depths  a  large  number  of  Tertiary 
species  which  have  been  supposed  to  be  extinct.  And  in  regard 
to  the  Physics  of  the  Mediterranean,  it  appears,  from  all  that 
we  have  been  able  to  learn,  that  very  little  is  certainly  known. 
The  Temperature  and  Density  of  the  water,  at  different  depths, 
in  a  basin  so  remarkably  cut  off  from  the  great  ocean,  and 
having  a  continual  influx  from  it,  form  a  most  interesting  sub- 
ject of  in(][uiry,  to  which  we  shall  be  glad  to  give  our  best 
attention,  if  the  means  are  placed  within  our  reach.' 

"  Considering  the  success  of  the  two  previous  Expeditions,  and 
especially  that  of  the  *  Porcupine  *  last  year,  the  Committee  are 
persuaded  that  no  less  important  acquisitions  for  the  furtherance 
of  scientific  knowledge  would  be  gained  by  the  renewed  explora- 
tion as  now  proposed ;  and  they  accordingly  recommend  that  a 
representation  to  that  effect  be  made  to  the  Admiralty,  with  a 
view  to  obtain  the  aid  of  Her  Majesty's  Government  as  on  the 
previous  occasions. 

"  The  Committee  approve  of  a  proposal  made  by  Mr.  Gwyn 
Jeffreys  to  accept  the  services  of  Mr.  Lindahl,  of  Lund,  in  the 
expedition  as  unpaid  Assistant  Xaturalist. 

"As  regards  scientific  instruments,  the  Committee  have  to 
report  that  those  employed  in  last  year's  voyage  will  be 
again  available  for  use ;  and  Mr.  Siemens  hopes  to  render 
his  electro-thermal  indicator  of  more  easy  employment  on 
ship-board. 
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"  The  Committee,  having  learned  that  Dr.  Fraiikland  has  con- 
trived an  apparatus  for  bringing  up  the  deep-sea  water  charged 
with  its  gaseous  contents,  have  resolved  to  add  his  name  to 
their  number ;  and  they  request  leave  to  meet  again  in  order 
to  complete  the  arrangements  and  make  a  final  report  to  the 
Council." 

Resolved, — That  the  Report  now  read  be  received  and  adopted, 
and  that  the  Committee  be  requested  to  continue  their 
meetings  and  report  again  on  the  arrangements  when  finally 
decided  on. 

Resolved, — That  the  following  dmft  of  a  Letter  to  be 
addressed  to  the  Secretary  of  the  Admiralty  be  approved, 
viz. : — 

"  Sir, — I  am  directed  by  the  President  and  Council  of  the 
Royal  Society  to  acquaint  you,  for  the  information  of  the 
Lords  Commissioners  of  the  Admiralty,  that,  considering  the 
important  scientific  results  of  the  Physical  and  Zoological 
Exploration  of  the  Deep  Sea  carried  on  in  18C8  and  1869 
through  the  aid  of  Her  Majesty's  Government,  they  deem  it 
highly  desirable  that  the  investigation  should  be  renewed  during 
the  ensuing  summer,  and  extended  over  a  new  area. 

"  The  course  which  it  would  be  proposed  to  follow  in  a  new 
Expedition,  the  principal  objects  to  be  attained,  and  the  geneml 
plan  of  operations,  are  sketched  out  hi  the  enclosed  extract  from 
a  Letter  addressed  to  the  President  by  Dr.  Carpenter,  and  have 
in  all  points  been  approved  by  the  Council. 

"  The  I^resident  and  Council  would  therefore  earnestly  recom- 
mend such  an  undertaking  to  the  favourable  consideration 
of  My  Lords,  with  the  view  of  obtaining  the  assistance  of 
Her  Majesty's  Government  so  liberally  accorded  and  effectively 
rendered  on  the  previous  occasions. 

"The  scientific  conduct  of  the  expedition  would,  as  in  the 
last  year,  be  shared  by  Dr.  Carpenter,  Professor  Wyvi He  Thomson, 
provided  that  gentleman  is  able  to  undertake  the  duty,  and  Mr. 
Gwyn  Jeffreys.  It  is  also  proposed  that  Jlr.  Lindahl,  a  young 
Swedish  gentleman  accustomed  to  marine  researches,  should 
accompany  the  expedition  as  Assistant  Naturalist. 
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"  1  Iiave  to  add  that  whatever  appertains  to  the  strictly 
Scientific  equipment  of  the  Expedition  will,  as  formerly,  be  at 
the  charge  of  the  Royal  Society. 

"  W.  Sharpey,  Secretary" 

A  sum  of  £100  from  the  Government  Grant  was  assigned 
for  the  Scientific  purposes  of  the  Expedition. 

May  19,  1870. 
Read  the  following  Letter  from  the  Admiralty  : — 

"Admiralty,  lOih  Maij,  1870. 

"  Siu, — Having  laid  before  My  Lords  Commissioners  of  the 
Admiralty  your  letter  of  the  2nd  inst.,  requesting  that  further 
researches  may  be  made  of  the  deep  sea,  I  am  commanded  by 
their  Lordships  to  acquaint  you  that  they  will  spare  Her 
Majesty's  Steam-vessel '  Porcupine '  for  this  service,  and  that  the 
Treasury  have  been  requested,  as  on  the  former  occasion,  to 
defray  the  expense  of  the  messing  of  the  scientific  gentlemen 
composing  the  Expedition. 

"  I  am,  Sir, 

"  Your  obedient  Servant, 

"  Vernon  Lushington." 

**7V)  jr.  Sharpri/^  Esq.,  M.D,, 
'*  S^ncfnri/  of  th^  Roijnl  St^'^ictij,  Burlington  Hqkm." 
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APPENDIX  B. 


Parficitlars  of  Dej^ths^  Temperature,  and  Position  at  the  various 
Drcdging-statia)is  of  H.M.S,  ^  Porcupine^^  in  tJie  Summer 
of  1870 :— 


Number 
of  Station. 

Depth  in 
Fathoms. 

Bottom 
Temperature. 

1 

Surface 
Temperature. 

1 

Position. 

1 

1 

567 

48°  38'  N. 

10°  15'  W. 

2 

305 

14°-  8  C. 

16°-  2  C. 

.    48  37 

10    9 

3 

690 

48  31 

10     3 

4 

717 

7 

•5 

16 

•3 

48  32 

9  59 

5 

100 

10 

•7 

16 

•8 

48  29 

9  45 

6 

358 

10 

•0 

16 

•9 

48  26 

9  44 

7 

93 

10' 

•6 

16 

•2 

48  18 

9  11 

8 

257 

9 

•9 

15 

•9 

48  13 

9  11 

9 

539 

8' 

•9 

17 

■8 

48     6 

9  18 

10 

81 

11  • 

9 

16' 

4 

42  44 

9  23 

11 

332 

10' 

2 

16' 

1 

42  32 

9  24 

12 

128 

11 

■3 

16' 

3 

42  20 

9  17 

13 

220 

11 

0 

18' 

1 

40  16 

9  37 

14 

469 

10' 

•8 

18 

•4 

40     6 

9  44 

15 

722 

9  • 

•8 

20- 

■0 

40     2 

9  49 

16 

994 

4' 

5 

21 

•0 

39  55 

9  56 

17 

1095 

4' 

3 

19' 

•8 

39  42 

9  43 

18 

1065 

4' 

■  0 

18 

•2 

39  29 

9  44 

19 

248 

11' 

0 

18' 

1 

39  27 

9  39 

20 

965 

- 

— 

39  25 

9  45 

21 

620 

10' 

2 

19' 

0 

38  19 

9  30 

22 

718 

10- 

7 

19' 

1 

38  15 

9  33 

23 

802 

9' 

0 

19' 

0 

37  20 

9  30 

24 

292 

11  • 

5 

19' 

6 

37  19 

9  13 
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Nnniticr 

Depth  in 
Fatiioin8. 

1 

Bottom 

Sorfiiee 

Tf.^^l 

A1..VM. 

ofSUtlon. 

Tcni|wniture. 

ir-9C. 

Tein]>c 

rature. 

9C. 

iosi 

37''11'N. 

lion. 

25      ! 

1 

374 

20°- 

9°   7'W. 

26 

364 

11 

■5 

22 

•0 

36  44 

8     8 

27 

322 

10 

•6 

22 

•7 

36  37 

7  33 

28 

304 

11 

•7 

21 

■8 

36  29 

7  16 

28a  1 

1 

286 

— 

- 

— 

— 

36  27 

6  54 

29 

227 

12 

•9 

22 

•8 

36  20 

6  47 

30 

386 

11 

•7 

22 

•6 

36  15 

6  52 

31 

477 

10 

•3 

21 

•7 

35  56 

7    6 

32 

651 

10 

■  1 

21 

•8 

35  41 

7    8 

33 

554 

10 

•0 

22 

•4 

35  32 

6  54 

34 

414 

10 

•1 

21 

■8 

35  44 

6  53 

35 

335 

10 

•9 

23 

■2 

35  39 

6  38 

36 

128 

12 

•9 

23 

•8 

35  35 

6  26 

37 

190 

11 

•8 

22 

•0 

35  50 

6     0 

38 

503 

11 

■8 

22 

•0 

35  58 

5  26 

39 

517 

13 

■3 

21 

•0 

35  59 

5  27 

40 

586 

13 

•4 

23 

■6 

36     0 

4  40 

41 

730 

13 

■4 

23 

■6 

35  57 

4  12 

42 

790 

13 

•2 

23 

•  0 

35  45 

3  57 

43 

■     162 

13 

•4 

23 

•8 

35  24 

3  54 

44 

455 

13 

•0 

21 

•0 

35  42 

3     0 

45 

207 

12 

•4 

22 

•6 

35  3() 

2  29 

46 

493 

13 

•0 

23 

•0 

35  39 

1  56 

47 

845 

12 

■6 

21 

•0 

37  25. 

1  10 

48 

1328 

12 

•8 

23 

•0 

37  10 

0  31 

49 

1412 

12-7 

22  -0 

36  29 

0  31 

50 

51 



36  14 

0  17  E. 

50« 

'     152 

36  18 

0  24 

51 

1415 

12-7 

24-0 

36  55 

1  10 

52 

660 

36  38 

1  38 

52-1 

690 



36  36 

1  38 

53 

112 

13-0 

25-0 

36  53 

5  55 

54 

1508 

13    0 

24-4 

37  41 

6  27 

55 

1456 

12  -8 

24-8 

37  29 

6  31 

56 

390 

13  •  6 

25  •  6 

37     3 

11  37 

57 

224 

37     6 

13  10 

58 

260 

13-6 

24-1 

36  43 

13  36 

59 

445 

13  •  6 

24-6 

36  32 

14  12 

60 

1743 

13 

4 

23' 

3 

36  31 

15  46 
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'   Number 
■of  Station. 


I  ..  _ 


Depth  in 
Fathoms. 


B<»ttom 
Teini»eraturo. 


Surface         ' 
Temperature. 


61 

392 

13°-  1 C. 

22'-  5  C. 

62 

730 

13  •  0 

22  •  5 

03 

181 

12-4 

20  -2 

64 

460 

12-4 

18-8 

65 

198 

12-  1 

17-3 

66 

147 

67 

188 

12-8 

22-9   , 

1 

P<«itlon. 


38°  26'  N. 
38  38 
36  1 
35  58 
35  50 
35  56 
35  49 


15' 
15 
o 
5 
5 
5 
6 


32' E 
21 
26  W. 

28 
57 
57 
21 


CHAPTER  V. 

DEEP-SEA     SOUNDING. 

The  ordinary  Sounding-lead  for  moderate  Depths.  —  Liable  to  Error 
wlien  employed  in  Deep  Water.  —  Early  Deep  Soundings  un- 
reliable.— Improved  Methods  of  Sounding. — The  Cup-lead. — 
Brooke's  Sounding  Instrument. — The  *  Bull-dog ' ;  Fitzgerald's ; 
the  *  Hydra.' — Sounding  from  the  *  Porcupine.' — ^Tho  Contour 
of  the  Bed  of  the  North  Atlantic. 

In  all  deep-sea  investigations  it  is  of  course  of  the 
first  importance  to  have  a  means  of  determining  the 
depth  to  the  last  degree  of  accuracy,  and  this  is  not 
so  easy  a  matter  as  might  he  at  first  supposed. 
Depth  is  almost  invariably  ascertained  by  some 
modification  of  the  process  of  sounding.  A  weight 
is  attached  to  the  end  of  a  line  graduated  by  attached 
slips  of  different  coloured  buntine  (the  woollen  mate- 
rial of  which  flags  are  made,  in  whicli  the  colours  are 
particularly  bright  and  fast)  into  fathoms,  tens  of 
fathoms,  and  hundreds  of  fathoms ;  or,  for  deep-sea 
work,  with  white  buntine  at  every  50,  black  leather 
at  every  100,  and  red  buntine  at  every  1,000  fathoms. 
The  weight  is  run  down  as  rapidly  as  possible,  and 
the  number  of  fathoms  out  when  the  lead  touches 
the  bottom  gives  a  more  or  less  close  approximation 
to  the  depth. 
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The  ordinary  deep-sea  lead  is  a  prismatic  leaden 
block  about  two  feet  in  length  and  80  to  120  lbs.  in 
weight,  narrowing  somewhat  towards  the  upper  end, 
where  it  is  furnished  with  a  stout  iron  ring.  Before 
heaving,  the  lead  is  *  armed,'  that  is  to  say  the  lower 
end,  which  is  slightly  cupped,  is  covered  with  a  thick 
coating  of  soft  tallow.  If  the  lead  reach  the  bottom 
it  brings  up  evidence  of  its  having  done  so  in  a 
sample  sticking  to  the  tallow.  Usually  there  is 
enough  to  indicate  roughly  the  nature  of  the  ground, 
and  it  is  on  the  evidence  of  samples  thus  brought 
up  on  the  *  arming '  of  the  lead  that  our  charts  note 
*  mud,'  *  shells,'  *  gravel,'  *  ooze,'  or  *  sand,'  or  a  com- 
bination of  these,  as  the  kind  of  bottom  at  the 
particular  sounding  ;  thus  we  have  nL^'sTa.j  niud,  shells, 
and  sand  at  2,000  fathoms ;  ^ff^^,  ooze  and  stones  at 
2,050  fathoms ;  ^  s^g^JI  ge.,  mud,  sand,  shells,  and  scoriae 
at  2,200  fathoms,  and  so  on. 

When  no  bottom  is  found,  that  is  to  say,  when 
there  is  no  arrest  to  the  running  out  of  the  line 
and  nothing  on  the  *  arming'  of  the  lead,  the  sounding 
is  entered  on  the  chart  thus,  3-^^,  no  bottom  at  3,200 
fathoms.  Such  soundings  are  not  to  be  depended 
upon  in  deep  water,  but  they  are  usually  quite 
reliable  for  moderate  depths,  so  far  as  they  go.  They 
give  us  no  help  in  the  exploration  of  the  bottom  of 
the  sea,  but  they  are  of  great  practical  value,  and 
indeed  they  give  all  the  information  which  is  directly 
required  for  the  purposes  of  navigation ;  for  if  there 
be  *no  bottom'  at  200  fathoms,  there  is  probably  no 
dangerous  shoal  in  the  immediate  neighbourhood. 

Soundings  are  usually  taken  from  the  vessel,  and 
while  there  is  some  way  on.     Where  great  accuracy 
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is  required,  as  in  coast-surveying,  it  is  necessary  to 
sound  from  a  boat^  which  can  be  kept  in  position  by 
the  oars  and  reference  to  some  fixed  objects  on  shore. 
This  ordinary  system  of  sounding  answers  perfectly 
well  for  comparatively  shallow  water,  but  it  breaks 
down  for  depths  much  over  1,000  fathoms.  The 
weight  is  not  sufficient  to  carry  the  line  rapidly  and 
vertically  to  the  bottom ;  and  if  a  heavier  weight  be 
used,  ordinary  sounding  line  is  unable  to  draw  up  its 
own  weight  along  with  that  of  the  lead  from  great 
depths,  and  gives  way.  No  impulse  is  felt  when  the 
lead  reaches  the  bottom,  and  the  line  goes  on  running 
out,  and  if  any  attempt  be  made  to  stop  it  it  breaks. 
In  some  cases  bights  of  the  line  seem  to  be  carried 
along  by  submarine  currents,  and  in  others  it  is 
found  that  the  line  has  been  runninsr  out  bv  its  own 
weight  only,  and  coiling  itself  in  a  tangled  mass 
directly  over  the  lead.  All  these  sources  of  error 
vitiate  very  deep  soundings.  In  many  of  the  older 
observations  made  by  officers  of  our  own  navy  and 
of  that  of  the  United  States,  the  depth  returned 
for  many  points  in  the  Atlantic  we  now  know  to 
have  been  greatly  exaggerated ;  thus  Lieutenant 
Walsh,  of  the  U.S.  schooner  *  Taney,'  reported  a  cast 
with  the  deep-sea  lead  at  34?,000  feet  without 
bottom ;  *  Lieutenant  Berryman,  of  the  U.S.  brig 
'Dolphin,'  attempted  unsuccessfully  to  sound  mid- 
ocean  with  a  line  39,000  feet  long ;  ^  Captain 
Denhani,  of  H.M.S.  *  Herald,'  reported  bottom  in  the 

^  Maury's  Sailing  Directions,  5th  edition,  p.  1G5,  and  6th  edition 
(1854),  p.  213. 

2  Maury,  Physical  (loography  of  the  Sea.  Eleventh  edition, 
p.  301). 
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South  Atlantic  at  a  depth  of  46,000  feet ;  ^  and 
Lieutenant  Parker,  of  the  U.S.  frigate  *  Congress,'  ran 
out  a  line  50,000  feet  without  reaching  the  hottom.- 
In  these  cases,  however,  the  chances  of  error  were 
too  numerous ;  and  in  the  last  chart  of  the  North 
Atlantic,  published  on  the  authority  of  Rear-Admiral 
Richards  in  Nov.  1870,  no  soundings  arc  entered 
beyond  4,000  fathoms,  and  very  few  beyond  3,000. 

A  great  improvement  in  deep-sea  sounding,  first 
introduced  in  tlie  United  States  navy,  was  the  use 
of  a  heavy  weight  and  a  fine  line.  The  weight,  a 
32  or  68  lb.  shot,  is  rapidly  run  down  from  a  boat ; 
and  when  it  is  supposed  to  have  reached  the  bottom, 
which  is  usually  indicated  with  tolerable  certainty  by 
a  sudden  change  in  the  rate  of  running  out  of  the 
line,  tlie  line  is  cut  at  the  surface,  and  the  depth 
calculated  by  the  length  of  line  left  on  the  reel. 

As  the  great  problems  of  physical  geography,  the 
strength  and  direction  of  currents,  and  the  general 
conditions  of  the  bottom  of  tlie  sea  began  to  acquire 
more  general  interest,  the  particles  brought  up  on  the 
*  arming  '  of  the  lead  from  great  depths  were  eagerly 
sought  for  and  scrutinized ;  it  thus  became  important 
that  a  greater  quantity  should  be  procured,  enough 
at  all  events  for  the  purposes  of  chemical  and  micro- 
scopical examination.  Many  instruments  have  been 
contrived  from  time  to  time  for  this  purpose,  and  a 
vast  amount  of  information  has  been  gained  by  their 
use.  It  has  now  been  shown  that  dredging  on  a  large 
scale  is  possible  at  all  depths,  but  dredging  can  only 
be  performed  under  specially  favourable  circum- 
stances, and  requires  a  vessel  specially  fitted  at  con- 

^  Ix)c.  cit.  2  Loc.  cit. 
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sidcrabie  expense.  We  must  still,  therefore,  depend 
mainly  upon  some  form  of  sounding  apparatus  for 
the  gradual  accumulation  of  observations  which  will 
give  us  in  time  a  consistent  idea  of  the  nature  of 
the  bottom  of  the  sea  throughout.  A  simple  instru- 
ment which  will  bring  up  a  surface  sample  of  a 
pound  or  so,  from  a  depth  of  2,000  fathoms,  with- 
out much  trouble  and  with  some  certainty,  is  still  a 
desideratum. 

In  the  year  1818,  Sir  John  Ross,  in  command  of 
H.M.S.  *  Isabella,'  on  a  voyage  of  discovery  for  the 
purpose  of  exi)loring  Baffin's  Bay,  invented  a  machine 
"  for  taking  up  soundings  from  the  bottom  of  any 
fathomable  depth,"  which  he  called  a  *  deep-sea 
clamm.'  A  large  i)air  of  forceps  were  kept  asunder 
by  a  bolt,  and  the  instrument  was  so  contrived  that 
on  the  bolt  striking  the  ground,  a  heavy  iron  weight 
slipped  down  a  spindle  and  closed  the  forceps,  which 
retained  within  them  a  considerable  quantity  of  the 
bottom,  wiiethcr  sand,  mud,  or  small  stones.^  On  the 
1st  of  September,  1818,  Sir  John  Boss  sounded  in 
1,000  fathoms,  lat.  73°  37'  N.,  long.  75°  25'  W.  The 
soundings  consisted  of  "  soft  mud,  in  which  there 
were  worms,  and,  entangled  on  the  sounding-line,  at 
the  depth  of  800  fathoms,  was  found  a  beautiful  Caput 
Medusce''  On  the  Gth  of  September  Sir  John  Boss 
sounded  in  1,050  fathoms,  lat.  72°  23'  N.,  long. 
73° 075'  W.,  and  the  clamms  brought  up  Gibs,  of  very 

^  A  Voyage  of  Discovery  made  under  the  Orders  of  the  Admiralty 
in  His  Majesty's  Ships  *  Isabella '  and  *  Alexander/  for  the  purpose  of 
exploring  Batlin's  Bay,  and  inquiring  into  the  Possibility  of  a  North- 
west Passage.  By  John  Poss,  K.8.,  Captain  Poyal  Navy.  London  : 
ISIU:  p.  17S. 
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soft  mud.  I  mention  these  soundings  thus  parti- 
cularly because  they  are  the  first  authentic  instances 
of  any  quantity  of  the  bottom  having  been  brought 
up  from  such  depths.  The  clamms  were  used  with 
strong  whale  line  made  of  the  best  hemp,  2^  inches 
in  circumference.  Tlic  weight  recommended  by  Sir 
John  Eoss  for  the  sounding  in  the  North 
Sea  is  fifty  pounds. 

One  of  the  earliest  and  certainly  not  the 
worst  of  these  miniature  dredges  is  a  simple 
modification  of  the  common  deep-sea  lead, 
the  *  cup-lead'  (Fig.  37).  A  rod  of  iron 
passes  througli  the  lead,  and  ends  a  few 
inches  beneath  it  in  a  conical  iron  cup. 
A  thick  bend-leather  washer  slides  freely 
on  the  rod  between  the  end  of  the  lead  and 
the  cup.  The  theory  of  this  instrument  is, 
that  as  the  lead  runs  down,  the  current  of 
water  keeps  \ip  the  washer,  leaving  the 
mouth  of  the  cup  free.  On  reaching  the 
ground,  the  weight  of  the  lead  drives  the 
cup  into  the  mud  or  sand,  and  tlie  lead  falls 
to  one  side.  AVhen  the  lead  is  hauled  up, 
a  sample  of  the  bottom  goes  into  the  cup, 
and  is  retained  there  by  the  washer,  which 
is  pressed  down  upon  the  top  of  the  cup 
during  its  upward  journey  by  the  reversal 
of  the  current.  The  'cup-lead'  is  very 
useful  for  moderate  depths.  Twice  out  of  three 
times  it  brings  up  a  sample,  but  the  cup  is  too  open 
and  the  means  of  closing  it  are  too  crude,  and  the 
third  time  everything  is  washed  out  and  the  cup 
comes  up  perfectly  clean.     Deep  soundings  take  too 
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mucli  time  and  are  too  valuable  to  admit   so  large 
an  average  of  losses. 


About  tbe  year  185t,  J.  M.  Brooke,  passed-mid- 
shipman  in  the  U.S.  navy,  a  clever  young  officer  who 
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was  at  the  time  doing  duty  in  the  Observatory,  pro- 
posed to  Captain  Maury  a  contrivance  by  which  the 
shot  might  be  detached  as  soon  as  it  reached  the 
bottom,  and  specimens  brought  up  in  its  stead.  The 
result  of  this  suggestion  was  Brooke's  deep-sea  sound- 
ing apparatus  (Figs.  38  and  39),  of  which  all  the  more 
recent  contrivances  have  been  to  a  great  extent  modi- 
fications and  improvements,  retaining  its  fundamental 
principle,  the  detaching  of  the  weight.  The  instru- 
ment as  devised  by  Mr.  Brooke  is  very  simple.  A 
64  lb.  shot  E  is  cast  with  a  hole  through  it.  An 
iron  rod  A  has  a  chamber  b  at  the  lower  end,  and 
two  moveable  arms  hinged  to  the  upper  end  with 
eyes  to  fasten  two  cords  by  which  the  rod  is  sus- 
pended ;  so  that  when  the  instrument  is  hanging  free 
the  arms  are  nearly  vertical  (Fig.  38).  Each  arm 
bears  a  projecting  notched  tooth,  and  before  sounding 
the  shot  is  suspended,  with  the  rod  passing  through 
it,  in  a  canvas  or  leather  sling  c  attached  by  cords 
whose  loops  pass  over  the  teeth.  The  cup  at  the 
lower  end  of  the  rod  is  filled  with  tallow  '  arming,*  in 
which  a  chamber  has  been  made  by  pushing  in  a 
wooden  plug.  When  the  instrument  strikes,  the  end 
of  the  rod  is  driven  into  the  material  of  the  bottom, 
which  fills  the  chamber  in  the  arming,  the  two  jointed 
arms  fall  down,  the  loops  of  the  sling  are  relieved 
from  the  teeth,  and  the  rod  slips  through  the  hole  in 
the  shot  and  comes  up  alone  with  its  enclosed  sample 
of  sediment. 

In  this  simplest  and  earliest  form  Brooke's  sound- 
ing apparatus  had  some  of  the  defects  of  the  cup-lead. 
The  sample  of  the  bottom  was  too  small,  and  ran  a 
risk  of  being  washed  out  in  hauling  up.     Modifica- 
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tions  were  soon  made.     Commander  Dayman  made 
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several  improTements  for  the   sounding  Toyage  of 
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H.M.S.  *  Cyclops'  in  1857.^  He  used  iron  wire  braces 
to  support  the  sinker,  as  these  detach  more  freely 
than  slings  of  rope ;  he  replaced  Brooke's  round-shot 
by  a  leaden  cylinder  to  diminish  the  resistance  and 
thus  increase  the  velocity  in  descending;  and  he 
adapted  a  valve  opening  inwards,  to  the  terminal 
chamber  in  the  rod,  to  prevent  the  washing  out  of 
the  sample.  Commander  Dayman  seems  to  have 
found  the  apparatus  thus  improved  to  answer  well. 
He  used  it  throughout  his  important  survey  of  the 
*  telegraph  plateau.' 

The  *  Bull-dog '  sounding  macliine  (Fig.  40)  is  now 
probably  the  most  generally  known  of  these  dredging- 
leads.  This  instrument  is  an  adaptation  of  Sir  John 
B/Oss'  deep-sea  clamms,  with  the  addition  of  Brooke's 
principle  of  the  disengaging  weight.  It  was  invented 
during  the  famous  sounding  voyage  of  H.M.S.  *  Bull- 
dog' in  the  year  18G0,  and  Sir  Leopold  M*Clintock 
gives  the  chief  credit  of  its  invention  to  the  assistant- 
engineer  on  board,  Mr.  Steil.2  A  pair  of  scoops  A 
close  upon  one  another  scissorwise  on  a  hinge,  and  have 
two  pairs  of  appendages  b,  which  stand  to  the  open- 
ing and  closing  of  the  scoops  in  the  relation  of  scissor 
handles.  This  apparatus  is  permanently  attached  to 
the  sounding-line  by  the  rope  f,  whicli  in  the  figure 
is  represented  hanging  loose,  and  which  is  fixed  to 

^  Deep-Sea  Soundings  in  the  North  Atlantic  Ocean,  between 
Ireland  and  Newfoundland,  made  in  H.M.S.  *  Cyclops,'  Lieut.-Com- 
niander  Joseph  Dayman,  in  June  and  July  1857.  Published  by 
order  of  the  Lords  Commissioners  of  the  Admiralty.     London  :  1858. 

2  Remarks  illustrative  of  the  Sounding  Voyage  of  H.M.S.  *  Bull- 
dog' in  18G0;  Captain  Sir  Leopold  M*Clintock  commanding.  Pub- 
lished by  order  of  the  Lords  Commi.ssioners  of  the  Admiralty. 
London:   18H1. 
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the  spindle  on  which  the  cups  turn.  Attached  to 
the  same  spindle  is  the  rope  d,  wliich  ends  above  in 
an  iron  ring,  e  represents  a  pair  of  tumbler  hooks, 
fastened  likewise  to  the  end  of  the  sounding-line; 
c  a  heavy  leaden  or  iron  weight,  with  a  hole  through 
it  wide  enough  to  allow  the  rope  d  with  its  loop  and 
ring  to  pass  freely ;  and  B,  a  strong  india-rubber  band 
which  passes  round  the  handles  of  the  scoops.  In  the 
figure  the  instrument  is  represented  as  it  is  sent 
down  and  before  it  reaches  the  bottom.  The  weight 
c  and  the  scoops  a  are  now  suspended  by  the  rope  d, 
whose  ring  is  caught  by  the  tumbler  hooks  e.  The 
elastic  ring  b  is  in  a  state  of  tension,  ready  to  draw 
together  the  scoop  handles  and  close  the  scoops,  but 
it  is  antagonized  by  the  weight  c,  which,  pressing 
down  into  a  space  between  the  handles,  keeps  them 
asunder.  The  moment  the  scoops  are  driven  into  the 
ground  by  the  weight,  the  tension  on  the  rope  d  is 
relaxed,  the  tumblers  fall  and  release  the  ring,  and 
the  weight  falls  and  allows  the  elastic  band  to  close 
the  scoops  and  to  keep  them  closed  upon  whatever 
they  may  contain;  the  rope  d  slips  through  the 
weight,  and  the  closed  scoops  are  drawn  up  by  the 
rope  F.  This  is  a  pretty  idea,  and  an  ingenious  and 
elegant  apparatus,  but  it  is  rather  complicated.  I 
have  never  seen  it  in  use,  but  I  should  fear  that  the 
observer  might  often  be  thwarted  by  the  scoops  fall- 
ing in  a  wrong  direction,  or  by  pebbles  getting  into 
the  hinges  and  preventing  their  closing  thoroughly. 
The  simpler  all  these  things  are  the  better. 

We  used  in  our  trip  in  the  *  Lightning'  in  1868  an 
instrument  (Fig.  41)  which  at  first  sight  scarcely 
looks  promising  from  its  apparent  want  of  compact- 
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ness,  but  I  will  say  this  for  the 
'Fitzgerald'  sounding  apparatus 
that  I  never  knew  it  fail ;  and 
we  were  obliged,  unfortunately 
for  ourselves,  to  try  it  fre- 
quently in  very  bad  weather 
aud  under  most  unfavourable 
circumstanees.  Tlic  sounding- 
line  ends  in  a  loop  passing 
througli  an  eye  in  the  centre  of 
a  bar  of  iron  r.  The  bar  ter- 
minates at  one  end  in  a  claw 
and  at  the  other  in  a  second 
eye,  to  which  a  chain  is  at- 
tached. A  scoop  A,  with  a 
sharp,  spade-like  lip,  is  fixed  to 
a  long  and  rather  heavy  iron 
rod  D,  with  an  expanded  rudder- 
shaped  end  to  steady  it  in  pass- 
ing quickly  through  the  water, 
and  beneath  this  an  eye,  which 
fits  the  clnw  of  the  bar  v.  A 
door  B  fits  the  scoop  to  which 
it  is  hinged,  and  it  is  also 
hinged  to  the  arm  c,  which, 
when  held  in  a  vertical  posi- 
tion, keeps  it  open.  The  arm  c 
is  attached  by  the  chain  to  the 
eye  in  the  bar  f,  and  the  arm 
and  chain  correspond  in  length 
to  the  rod  D.  Two  teeth  e  b 
project  from  B,  and  on  these  are 
hung    a    heavy     weight.      The  ' 
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appai'jitus  is  so  adjusted,  that  when 
the  Meight  is  attached  and  the  instru- 
ment hanging  ready  for  use,  as  repre- 
sented in  the  figure,  the  rod  f  main- 
tains a  liorizoutal  position.  "Wlien  the 
instrument  strikes  the  ground,  the 
tension  on  the  har  f  is  relieved,  the 
weight  draws  the  rod  D  off  tlie  claw 
and  slips  off,  at  the  same  time  filling 
the  scoop.  When  hauling  up,  all  tlie 
instrument  falls  into  a  nearly  vertical 
line,  and  the  scoop  conies  up  full  in 
the  middle,  the  weight  of  u  keeping 
its  mouth  closed  up  against  its  lid. 

The  apparatus  used  during  the 
cruise  of  the  '  Porcupine,"  where 
sounding  was  carried  on  to  the  utmost 
attainahle  accuracy  and  at  great 
depths,  was  a  somewhat  elahoratc 
modification  of  Brooke's  sounding 
machine  which  had  been  previously 
employed  hy  Captain  Shortland  in 
the  voyage  of  II.M.S.  '  Hydra,'  sound- 
ing across  the  Arahian  Gulf  prepara- 
tory to  laying  the  Indian  Cahle. 

This  special  modification,  whicli  cer- 
tainly answered  remarkahly  well,  ap- 
pears to  have  hcen  due  entirely  to 
Mr.  Gibhs,  the  blacksmith  on  l)oard 
the  vessel.^      Wo    christened   it    the 
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*  Hydra,'  in  recognition  of  its  inventor  and  of  the 
vessel  in  which  it  was  first  used. 

The  axis  of  the  *  Hydra  '  (Fig.  42)  is  a  strong  hrass 
tube,  which  unscrews  into  four  chambers.  The  three 
lowest  of  these  are  closed  above  by  conical  valves 
opening  upwards,  but  not  fitting  absolutely  tightly,  so 
as  to  allow  a  little  water  to  pass ;  and  the  lowest 
chamber  b  is  closed  by  a  butterfly  valve  also  open- 
ing upwards.  The  upper  (fourth)  chamber  a  contains 
a  piston,  and  the  piston-rod  c  is  continued  upwards 
into  a  rod  which  ends  in  the  ring  to  which  the 
sounding-line  is  attached.  The  upper  chamber  in 
which  the  piston  works  has  a  large  hole  on  either 
side  about  the  middle  of  its  length,  and  a  small  hole 
passes  through  the  piston  itself.  Projecting  from  the 
upper  part  of  the  rod  there  is  a  notched  tooth  D,  and 
over  the  tooth  passes  an  arched  steel  spring,  with 
a  slit  which  allows  the  tooth  to  pass  through  its 
centre,  and  its  two  ends  fastened  moveably  to  tl]e 
rod.  When  the  spring  is  forcibly  pushed  back,  it 
allows  the  tootli  with  its  notch  to  protrude  through 
the  central  slit.  The  weight  consists  of  tliree  or  four 
cylinders  of  iron  F,  toothed  and  notched  so  as  to  fit 
into  one  another  and  make  one  mass.  The  weight 
used  in  the  *  Porcupine '  was  from  two  to  three 
hundredweight,  according  to  the  depth.  The  weight 
is  suspended  by  an  iron  wire  sling  whicli  passes  over 
the  notched  tooth,  the  spring  having  been  pressed 
back.  The  weight  is  amply  sufficient  to  retain  the 
spring  in  that  position. 

The  figure  represents  the  instrument  prepared  to  let 
go,  the  whole  weight  suspended  froni  the  ring  at  the 
top  of  the  piston-rod,  which  is  thus  fully  drawn  out 


220  THE  DEPTHS  OF  THE  SEA.  [chap.  v. 

of  its  cylinder.  As  the  instrument  runs  down  the 
water  passes  freely  through  the  tube  and  valves,  and 
pours  out  by  the  holes  in  the  wall  of  the  cylinder. 
When  it  touches  the  ground  the  piston  is  pulled 
down  by  the  weight,  but  its  progress  is  somewhat 
arrested  by  the  water  in  the  lower  part  of  the 
cylinder,  which  can  only  escape  slowly,  thus  giving 
the  weight  time  to  force  the  terminal  chamber  with 
the  butterfly  valves  into  the  ground.  The  weights 
then  rest  upon  the  bottom  and  relieve  the  spring 
which  throws  the  sling  off  the  tooth.  The  tube 
comes  up  free  with  all  the  valves  closed,  and  the  last 
chamber  filled  with  the  substance  of  the  bottom,  and 
the  other  chamber  with  bottom  water. 

In  the  skilful  hands  of  Captain  Calver  the  ^  Hydra' 
never  once  failed,  and  from  the  great  weight  used  it 
is  admirably  suited  for  accurate  soundings  in  deep 
water ;  but  it  is  somewhat  complicated,  and  it  brings 
up  very  small  samples  of  the  bottom.  In  the  case  of 
the  cruise  of  the  *  Porcupine,'  where  the  large  dredge 
was  sent  down  at  almost  every  sounding-station,  this 
was  of  little  consequence ;  but  where  dredging  is  im- 
practicable, and  all  information  as  to  the  condition  of 
the  bottom  must  be  got  from  soundings,  some  simple 
adaptation  of  the  *  Bull-dog '  scoops  or  the  Fitzgerald 
apparatus  would  certainly  have  a  great  advantage. 

During  the  cruise  of  the  *  Porcupine '  in  1869 
soundings  were  taken  with  the  utmost  care  at  ninety 
stations,  and  in  1870  at  sixty-seven  stations,  and  on 
every  occasion  the  operation  was  conducted  by  Capt. 
Calver  himself,  whose  great  experience  on  the  sur- 
veying service  was  in  itself  a  guarantee  of  the  greatest 
possible  accuracy.     Captain  Calver  told  me  that  on 
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every  occasion,  even  at  the  greatest  depths,  he  felt 
distinctly  the  shock  of  the  arrest  of  the  weight  upon 
the  bottom  communicated  to  his  hand.  A  careful 
sounding  was  always  taken  immediately  before  letting 
go  the  dredge.  I  will  take  as  an  example  the  sound- 
ing which  determined  the  depth  of  the  deepest  haul 
of  the  dredge  yet  made,  in  2,435  fathoms  in  the  Bay 
of  Biscay  on  the  22nd  of  July,  1869,  and  describe 
the  modus  operandi. 

The  *  Porcupine '  was  provided  at  Woolwich  with 
an  admirable  double  cylinder  donkey-engine  of  12- 
horse  power  (nominal),  placed  on  the  deck  amidships, 
with  a  couple  of  surging  drums.  This  little  engine 
was  the  comfort  of  our  lives ;  nothing  could  exceed 
the  steadiness  of  its  working  and  the  ease  with  which 
its  speed  could  be  regulated.  During  the  whole  ex- 
pedition it  brought  in  with  the  ordinary  drum,  the 
line,  whether  sounding-line  or  dredge-rope,  with 
almost  any  weight,  at  a  uniform  rate  of  a  foot  per 
second.  Once  or  twice  it  was  over-strained,  and  then 
we  pitied  the  willing  little  thing  panting  like  an  over- 
taxed horse ;  and  sometimes  we  put  on  a  small  drum 
for  very  hard  work,  gaining  thereby  additional  power 
at  some  expense  of  speed. 

Two  powerful  derricks  were  rigged  for  sounding 
and  dredging  operations,  one  over  the  stern  and  one 
over  the  port  bow.  The  bow  derrick  was  the  stronger, 
and  we  usually  found  it  the  more  convenient  to 
dredge  from.  Sounding  was  most  frequently  carried 
on  from  the  stern.  Both  derricks  were  provided  with 
accumulators,  accessory  pieces  of  apparatus  which 
we  found  of  great  value.  The  block  through  which 
the  sounding-line  or  dredging-rope   passed  was  not 
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attached  directly  to  the  derrick,  but  to  a  rope  which 
passed  througli  an  eye  at  the  end  of  the  spar,  and 
was  fixed  to  a  'bitt'  on  the  deck.  On  a  bight  of 
this  rope  between  the  block  and  the  *  bitt '  the  accu- 
mulator was  lashed.  This  consists  of  thirty  or  forty 
or  more  of  Hodge's  vulcanized  india-rubber  springs 
fastened  together  at  the  two  extremities,  and  kept 
free  from  one  another  by  being  passed  through 
holes  in  two  round  wooden  ends  like  the  heads  of 
churn-staves.  The  loop  of  the  rope  is  made  long 
enough  to  permit  the  accumulator  to  stretch  to  double 
or  treble  its  length,  but  it  is  arrested  far  within  its 
breaking  point.  The  accumulator  is  valuable  in  the 
first  place  as  indicating  roughly  the  amount  of  strain 
upon  the  line ;  and  in  order  that  it  may  do  so  with 
some  decree  of  accuracy  it  is  so  arranged  as  to  play 
along  the  derrick,  which  is  graduated  from  trial  to  the 
number  of  cwts.  of  strain  indicated  by  the  greater  or 
less  extension  of  the  accumulator ;  but  its  more  im- 
portant function  is  to  take  off  the  suddenness  of  the 
strain  on  tlie  line  when  the  vessel  is  pitching.  The 
friction  of  one  or  two  miles  of  cord  in  the  water  is  so 
great  as  to  prevent  its  yielding  freely  to  a  sudden  jerk 
such  as  tliat  given  to  the  attached  end  when  the 
vessel  rises  to  a  sea,  and  the  line  is  apt  to  snap.  A 
letting-go  frame  like  that  used  on  board  the  '  Hydra,' 
a  board  witli  a  slit  through  which  the  free  end  of  the 
sounding  macliine  passed,  and  which  supported  the 
weights  while  the  instrument  was  being  prepared,  was 
fitted  under  the  stern  derrick.  The  sounding  instru- 
ment was  the  *  Hydra,'  weighted  with  336  lbs.  The 
sounding-line  w^as  wound  amidships  just  abaft  the 
donkey-engine  on  a  large  strong  reel,  its  revolution 
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commanded  by  a  brake.  The  reel  held  about  4,000 
fathoms  of  medium  No.  2  line  of  the  best  Italian 
hemp,  the  No.  of  threads  18,  tlie  weight  per  100 
fathoms  12  lbs.  8  ozs.,  the  circumference  0*8  inch,  and 
the  breaking  strain,  dry,  1,402  lbs.,  soaked  a  day 
1,211  lbs.,  marked  for  50,  100,  and  1,000  fathoms. 

The  weather  was  remarkably  clear  and  fine ;  the 
wind  from  the  north-west,  force  =  4 ;  the  sea  mode- 
rate, with  a  slight  swell  from  the  north-west.  Wc 
were  in  lat.  47°  38'  N.,  long.  12*^  08'  W.,  at  the 
mouth  of  the  Bay  of  Biscay,  about  200  miles  to  the 
west  of  TJshant.  The  sounding  instrument,  with  two 
Miller- Casella  thermometers  and  a  water  bottle 
attached  a  fathom  or  two  above  it,  was  cast  oflF  the 
let  ting- go  frame  at  2h.  44m.  20s.  p.m.  The  line  was 
run  off  by  hand  from  the  reel  and  given  to  the 
weight  as  fast  as  it  would  take  it,  so  that  there  might 
not  be  the  slightest  check  or  strain.  The  following 
table  gives  the  absolute  rate  of  descent : — 
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In  this  case  the  timing  was  only  valuable  as  cor- 
roborating other  evidence  of  the  accuracy  of  the 
sounding,  for  even  at  this  great  depth,  nearly  three 
miles,  the  shock  of  the  arrest  of  the  weight  at  the 
bottom  was  distinctly  perceptible  to  the  commander, 
who  passed  the  line  through  his  hand  during  the 
descent.  Tliis  was  probably  the  deepest  sounding 
Avhich  had  been  taken  up  to  that  time  wliich  was 
perfectly  reliable.  It  Avas  taken  under  unusually 
favourable  conditions  of  weather,  with  the  most 
perfect  appliances,  and  with  consummate  skill.  The 
whole  time  occupied  in  descent  was  33  minutes 
35  seconds ;  and  in  heaving  up,  2  hours  2  minutes. 
The  cylinder  of  the  sounding  apparatus  came  up 
filled  with  fine  grey  Atlantic  ooze,  containing  a  con- 
siderable proportion  of  fresh  shells  of  Globigerina. 
The  two  Miller-Casella  thermometers  registered  a 
minimum  temperature  of  T'ij  C. 

Various  attempts  have  been  made  to  devise  an 
instrument  Avhich  should  determine  accurately  the 
amount  of  vertical  descent  of  the  lead  by  self-regis- 
tering machinery.  The  most  successful  apparatus  for 
this  purpose,  and  the  one  most  in  use  is  *  Massey's 
sounding-machine.'  This  instrument,  in  its  latest  and 
most  improved  form,  to  be  used  Avith  tlie  common 
lead,  is  shown  in  Pig.  13.  Two  thimbles  ff  pass 
through  the  two  ends  of  the  heavy  oval  brass  shield 
aa;  to  the  upper  of  these  the  sounding-line  is 
attached,  and  to  the  lower  the  weight  at  about  half 
a  fathom  from  the  machine.  A  set  of  four  brass 
vanes  or  wings  li  are  soldered  obliquely  to  an  axis 
in  such  a  position  that  as  the  machine  descends  the 
axis  revolves  by  tlie  ju'cssure  of  tlie  water  against 
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the  vanes.  The  revolving  axis  communicatea  its 
motion  to  the  indices  on  the  dial-plate  c,  which  are 
so  adjusted  that  the  index  on  the  right-hand  dial 
passes    through    a    division    for    every    fathom    of 


vertical  descent,  whether  quick  or  slow,  and  makes 
an  entire  revolution  for  15  fathoms,  while  the  left- 
hand  index  passes  through  a  division  on  the  circle  for 
15  fathoms,  and  makes  an  entire  revolution  during 
Q 
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a  descent  of  225  lathonis.  Where  greater  depths 
are  required  it  is  only  necessary  to  add  another 
dial  and  index.  This  souudini'  instrument  answers 
very  well  in  moderately  deep  water,  and  is  extremely 
valuable  for  checking  soundings  by  the  ordinary 
method,  where  deep  currents  are  suspected,  as  it 
ought  to  register  vertical  descent  only.  It  is  not 
satisfactory  in  very  deep  water,  and  its  uncertainty 
is  shared  apparently  by  all  instruments  involving 
metal  wheel-work.  It  is  difficult  to  tell  the  reason. 
The  machinery  seems  to  get  jammed  in  some  way 
under  the  enormous  pressure  of  the  water. 

The  *  Massey's  sounding-machine  '  in  common  use 
is  somewhat  dilfcrent  from  the  '  shield '  instrument 
described  and  figured  above.  It  is  constructed  on 
precisely  the  same  priuciplo,  but  it  is  bolted  to  a 
special  form  of  sounding  lead,  and  is  thus  somewhat 
more  cumbrous. 

Besides  the  increasing  attention  which  has  been 
paid  of  late  years  to  all  subjects  of  scientific  interest, 
and  especially  to  those  connected  with  physical  geo- 
graphy, the  conditions  of  the  depths  of  the  sea,  the 
nature  of  the  bottom,  the  force  and  direction  of  deep 
currents,  the  temperature  at  great  depths,  and,  in 
fact,  all  the  conditions  afiecting  the  sea  bottom, 
have  lately  acquired  great  practical  importance  in 
connection  with  telegraphic  communication  by  ocean 
cables. 

The  Atlantic  Ocean,  with  the  accessible  portions 
of  the  Arctic  Sea^  has  naturally,  from  the  relation  in 
which  it  stands  to  the  first  maritime  and  commercial 
nations  of  the  present  period,  been  the  most  carefully 
surveyed  ;  and  as  it  appears  to  contain  depths  nearly 
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if  not  quite  as  great  as  auy  to  be  found  in  tlie  other 
ocean  basins,  it  may  probably  be  taken  as  a  fair 
example  of  ordinary  conditions.  It  is  open  from 
pole  to  pole,  and  thus  participates  in  all  conditions 
of  climate,  and  it  communicates  freelv  with  tlic 
other  seas.  We  have  still  but  scanty  information 
about  the  beds  of  the  Indian,  the  Antarctic,  and  the 
Pacific  oceans,  but  the  few  observations  which  have 
hitherto  reached  us  seem  to  indicate  that  neither  is 
the  depth  extreme  in  these  seas,  nor  does  the  nature 
of  the  bottom  differ  greatly  from  what  avc  find  nearer 
home.  The  ^Fediterranean  —  a  closed  cuUde-sac 
almost  cut  off  from  the  general  ocean — is  under 
most  peculiar  circumstances,  Avhich  will  be  discussed 
hereafter.  The  general  result  to  which  we  are  led 
by  the  careful  and  systematic  deep-sea  soundings 
which  have  been  undertaken  of  late  years  by  our 
own  Admiralty  and  by  the  American  and  Swedish 
Governments,  is  that  the  dej)th  of  the  sea  is  not  so 
great  as  was  at  one  time  supposed.  I  have  already 
mentioned  that  in  some  of  the  earlier  sounding  expe- 
diticms  enormous  depths  Avere  registered  from  various 
parts  of  the  Atlantic,  and  I  have  also  mentioned  the 
reasons,  depending  chiefly  upon  defective  appliances, 
why  many  of  these  soundings  are  now  considered  un- 
trustworthy. Lieutenant  Berryman,  of  the  U.S.  brig 
'  Dolphin,'  reported  1,580  fathoms  (27,180  feet),  equal 
to  the  height  of  Dwalagiri,  in  lat.  ir  7'  N.,  long. 
11/  23'  W.,  half-wav  between  New  York  and  the 
Azores;  'no  hottoni'  at  1,920  fathoms  (29,520  feet), 
deeper  than  the  heiijht  of  Deodunga,  the  highest 
peak  in  the  world,  in  lat.  38'  3'  N.,  long.  67'  14'  W.j 
and  'no  bottom'  at   G,600  fathoms   (39,000  feet), 
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lat.  32^  55'  N.,  long.  47°  58'  AV.,  indicating  a  chasm 
between  the  coast  of  America  and  the  Western 
Islands,  Avhich  might  easily  engulph  the  wliole  range 
of  the  Himalayas.  This  space  probably  represents 
the  deepest  part  of  the  North  Atlantic ;  but  there  is 
little  doubt  that  these  depths  arc  greatly  exagge- 
rated. The  average  depth  of  the  ocean  bed  does  not 
appear  to  be  much  more  than  2,000  fathoms  (12,000 
feet),  about  equal  to  the  mean  height  of  the  elevated 
table  lands  of  Asia. 

The  thin  shell  of  water  Avliich  covers  so  much  of 
the  face  of  the  earth  occupies  all  tlie  broad  general 
depressions  in  its  crust,  and  it  is  only  limited  and 
more  abrupt  prominences  which  project  above  its 
surface  as  masses  of  land  Avith  their  crowning  pla- 
teaux and  mountain  ranges.  The  Atlantic  Ocean 
covers  30,000,000  of  square  miles  and  the  Arctic  Sea 
3,000,000,  and  taken  together  tliey  almost  exactly 
equal  the  united  areas  of  Europe,  Asia,  and  Africa 
— the  whole  of  the  old  worhl :  and  vet  there  seem 
to  be  few  depressions  in  its  bed  to  a  greater  depth 
than  15,000  or  20,000  feet— a  little  more  than  the 
height  of  Mont  Blanc — and  exco])t  in  the  neigh- 
bourhood of  the  sliores  there  is  only  one  very 
marked  mass  of  mountains,  the  volcanic  group  of 
the  A9ores. 
^  The  central  and  southern  parts  of  the  Atlantic 
appear  to  be  an  old  depression,  probably  at  all  events 
coseval  with  the  deposition  of  the  Jurassic  forma- 
tions of  Europe,  and  throughout  these  long  ages 
the  tendency  of  that  great  body  of  water  has  no 
doubt  been  to  ameliorate  the  outlines,  softening  down 
asperities  by  the  disintegrating  action  of  its  waves 
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and  currents,  and  filling  up  hollows  by  drifting  about 
and  distributing  their  materials. 

The  first  careiul  surveys  of  the  Atlantic,  in  which 
great  depths  Avere  determined  with  considerable  accu- 
racy, are  the  cruises  of  Lieut. -Commanding  Lee,  in 
the  U.S.  brig  '  Dolphin '  (1851-52),  and  of  Lieut.- 
Commanding  O.  II.  Berryman,  in  the  same  vessel 
in  1852-53 ;  but  the  sounding  voyage  in  which 
modern  appliances  were  first  employed  with  perfect 
accuracy  with  a  practical  object  was  that  of  Lieu- 
tenant Berryman  in  1850,  in  the  U.S.  steamer 
*  Arctic,'  in  w^hicli  twenty-four  deep-sea  soundings 
were  taken  Avith  the  Brooke's  and  Massey's  sounding 
machines  on  a  great  circle  between  St.  John's,  New- 
foundland, and  Valentia  in  Ireland,  Avith  a  view 
to  the  lavinc:  of  the  first  cable.  The  same  ground 
Avas  gone  OAcr  by  Lieutenant  Dayman,  in  II.M.S. 
'Cyclops,'  in  June  and  July  1857,  and  thirty-four 
soundings  Averc  taken,  the  depth  being  estimated  by 
Massey's  sounding-machine  and  a  modification  of 
Brooke's  machine  already  described.  The  next  im- 
portant sounding  expedition  Avas  that  of  Commander 
Dayman,  in  II.M.S.  *  Gorgon,'  from  Newfoundland  to 
the  A9ores,  and  thence  to  England.  The  depths 
Avere  taken  in  this  case  Avith  a  lead  usually  188  lbs. 
in  Aveight  Avhich  Avas  lost  at  each  cast,  and  alba- 
core  line  Avitli  a  breaking  strain  of  420  lbs.  Only 
on  one  occasion,  about  a  third  of  the  Avay  from  the 
A5ores  to  England,  a  cup-lead  Avas  let  go,  attached 
to  a  stronger  line,  in  1,900  fathoms,  and  came  up  half 
filled  with  grey  ooze. 

Another  route  for  a  telegraph  cable  having  been  pro- 
posed, II.M.S.  '  Bull-dog'  started  in  July  1860,  under 
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tlie  command  of  Captain  Sir  Leopold  M'Clintock,  and 
took  deptlis  between  the  I'lin^oe  Islands  and  Iceland, 
and  thence  to  Greenland  and  Labrador.  The  sound- 
ins^s  were  taken  first  bv  cod-line  and  an  iron  sinker 
of  about  1  cwt.,  the  line  and  sinker  beinij  cut  off  at 
each  oi)eration;  and  the  soundinj?  was  then  usually 
repeated  with  the  'Bull-dog'  sounding-machine, with 
which  larg(^  samples  of  the  l)ottoni  were  procured. 
A  diary  of  this  voyage  Avas  kept  by  Dr.  AVallicli, 
Naturalist  to  tlic  Exi)edition,  and  was  afterw^ards 
l)ublished  by  him  as  part  of  the  extremely  important 
memoir  on  the  Xortli  Atlantic  sea-bed,  to  whicli 
I  have  already  rc^fcrred.  Some  further  questions 
having  arisen  as  to  the  best  line  to  be  taken  by 
an  Atlantic  telegraph  cable,  Captain  Hoskyn,  R.N., 
was  despatched  in  the  'Porcupine'  to  examine  the 
curious  dip  from  550  to  1,750  fathoms,  described 
by  Captain  Dayman  in  1857  as  occurring  about  170 
miles  Avest  of  A^alentia.  One  important  result  of  this 
cruise  Avas  the  discovery  of  the  '  Porcupine '  Bank, 
about  120  miles  west  from  Galwav  Bav,  Avith  a  mini- 
mum  depth  of  S2  fathoms. 

Towards  the  latter  part  of  the  year  1808  IT.M.S. 
'  Gannet,'  Commander  W.  Cliimmo,  11. N.,  was 
ordered  by  tlie  Admiralty  to  define  during  her 
liomeward  vova<>-e  from  the  AVest  India  Station 
the  northern  limits  of  the  Gulf  Stream,  and  to 
take  deep  soundings  and  temperatures.  Thirteen 
soundings  Avere  taken  Avith  the  Brooke's  machine 
over  an  area  of  upwards  of  10,000  square  miles 
from  Sable  Island  (lat.  \\V  20'  N.,  long.^GO°  W.),  at 
depths  varying  from  80  to  2,700  fathoms. 

Vox  many  years  past  the  American   GoA'crnment 
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have  l)een  prosecuting  a  most  careful  and  elaborate 
survey  of  their  coast-line ;  and  latterly  the  Coast 
Survey,  under  the  late  Professor  Bachc  and  the  pre- 
sent energetic  head  of  the  Bureau,  Professor  Pierce, 
has  pushed  its  operations  into  deep  water,  particu- 
larly in  the  Gulf-stream  rei^ion  north- Avestwards  of 
the  Strait  of  Plorida.  Dredging  operations  have 
been  conducted  most  successfully  under  Count  Pour- 
tales,  and  it  Avill  be  seen  hereafter  that  his  results 
are  a  Aaluable  complement  and  corroboration  of  our 
own.  The  Swedish  Government  has  twice  executed 
careful  soundings  in  the  sea  between  Spitzbergen  and 
Greenland  and  to  the  south-west  of  Spitzbergen ;  in 
1860  under  the  direction  of  Otto  Thorell,  and  in 
18()8  through  the  Swedish  Arctic  Exploring  Expe- 
dition under  Captain  Count  von  Otter  of  the  Royal 
Swedish  steamer  *  Sophia/  In  18G9  the  SAvedish 
corvette  *  Josephine '  sounded  and  dredged  in  the 
North  Atlantic,  taking  soundings  to  the  depth  of 
upwards  of  3,000  fathoms,  and  discovered  the  '  Jose- 
phine Bank,'  with  a  minimum  depth  of  102  fathoms, 
in  lat.  30'  45'  N.,  long.  11'  lOMV.  to  tlie  north-west 
of  the  Strait  of  Gibraltar.  The  North-German  Polar 
expeditions  greatly  increased  our  knowledge  of  the 
Spitzbergen  and  the  Greenland  Seas  ;  and  finally, 
on  December  20th,  1870,  the  American  nautical 
school-ship  *  Mercury,'  Captain  P.  Giraud,  crossed  the 
Troi)icaI  Atlantic  to  Sierra  Leone,  which  she  reached 
on  the  11th  of  February,  1871.  She  left  Sierra 
Leone  on  February  21st,  and  soundings  and  other 
observations  were  continued  till  she  reached  Ilavan- 
nah  on  the  13th  of  April.  The  object  of  this  ex- 
pedition   and  the    character  of    the  observers   are 
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singular  and  instructive.  Jt  seems  that  tiie  '  Mer- 
cury '  is  a  vessel  belonging  to  the  Commissioners  in 
charge  of  the  hospitals  and  prisons  of  Xew  York,  and 
it  is  employed  for  the  purpose  of  training  boys, 
committed  by  the  magistrates  for  vagrancy  and  slight 
misdemeanours,  to  become  tliorough  seamen.  One 
important  part  of  the  training  in  this  ship  is  that 
she  makes  long  cruises,  and  the  boys  are  thus  fitted 
quickly  to  enter  into  the  service  of  the  navy  or  the 
mercantile  marine.  In  the  present  cruise,  the  Com- 
missioners, desiring  to  promote  the  education  of  the 
lads  and  to  advance  the  interests  of  science  as  much 
as  lay  in  their  power,  instructed  the  captain  to  obtain 
a  series  of  soundings  on  the  line  of  or  near  the 
equator  from  the  coast  of  Africa  to  the  mouth  of  the 
Amazon,  and  to  observe  the  set  of  the  surface  currents 
and  the  temperature  of  the  water  at  various  depths. 

The  Commissioners  report  most  favourably  of  this 
mode  of  training,  which  is  now  being  so  generally 
adopted  in  this  country.  For  such  boys  the  adven- 
turous life  lias  a  si)ecial  charm,  and,  "  instead  of 
growing  up  to  be  a  curse  to  the  community,  they 
are  made  into  valuable  men."  Two  hundred  and 
fifty  scapegraces  were  sent  out  on  this  voyage,  and 
on  the  return  of  the  ship,  in  the  opinion  of  the 
captain  100  of  these  were  capable  of  discharging  the 
duties  of  ordinary  seamen. 

Brooke's  detaching  sounding  apparatus  was  used 
in  the  '  !Mercury,'  and  in  the  report  of  the  scientific 
results  of  the  voyage,  which  was  drawn  out  by  Pro- 
fessor llenry  Draper  of  New  York,  a  diagram  of  the 
bed  of  the  Atlantic  at  the  twelfth  parallel  is  intro- 
duced, based  on  fifteen   soundings.     It  shows  that. 
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'*  parting  from  the  African  coast,  the  bed  of  the 
ocean  sinks  very  rai)i(lly.  A  couple  of  degrees  west 
of  the  longitude  of  Cape  Verde  the  soundings  are 
2,1)00  fathoms.  From  this  point  tlie  mean  depth 
across  the  ocean  may  be  estimated  at  about  2,100 
fathoms,  but  from  this  there  are  two  striking 
departures — iirst,  a  depression,  tlie  deptli  of  which 
is  3,100  fathoms ;  and,  second,  an  elevation,  at  Avhich 
the  soundings  are  only  1,900,  the  general  result  of 
this  being  a  deep  trough  on  the  African  side  and  a 
narrower  and  shallower  trough  on  the  American."^ 

lleferriug  to  the  chart  (PI.  VII.),  in  Avhieh  the 
greater  depths  are  hidicated  by  the  deeper  shades  of 
blue,  a  shade  to  every  1,000  fathoms;  in  the  Arctic 
Sea  there  is  deep  water  ranging  to  1,500  fathoms  to 
the  west  and  south-west  of  Spitzbergen.  Extending 
from  the  coast  of  Norway  and  incliuling  Iceland,  the 
Piferoe  Islands,  Slietland  and  Orkney,  Great  Britain 
and  Ireland,  and  the  bed  of  the  North  Sea  to  the 
coast  of  France,  there  is  a  wide  plateau  on  which  the 
deptli  rarely  reaches  500  fathoms,  but  to  the  Avest  of 
Iceland  and  communicating  doubtless  with  the  deep 
water  in  the  Spitzbergen  Sea  a  trough  500  miles  wide 
and  in  some  places  nearly  2,000  fathoms  deep, 
curves  alonii:  the  east  coast  of  Greenlnnd.  This  is 
the  path  of  one  of  the  great  Arctic  return  currents. 

^  Cruise  of  the  School-tsliip  *  Mercury'  in  the  Tropical  Atlantic, 
with  a  Keport  to  the  Coiiimissionera  of  rublic  Charities  and  Correction 
of  the  City  of  New  York  on  the  Cl^mical  and  Physical  Facts  collected 
from  the  Deep-sea  Kescarches  made  during  the  Voyage  of  the  Nautical 
School-ship  *  ^tercury,'  undertaken  in  the  Tropical  Atlantic  and  Carib- 
bean Sea,  li<70-71.  By  Henry  Draper,  M.D.,  Professor  of  Analytical 
Chemistry  and  Physiology  in  the  Uuivcrsity  of  New  York.  Abstract!  d 
in  Nature,  vol.  v.  p.  324. 
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Afler  sloping  gradually  to  a  depth  of  500  fathoms 
to  the  westward  of  the  coast  of  Ireland  in  lat.  52""  N., 
the  hottom  suddenly  dips  to  1,700  fathoms  at  the 
rate  of  ahout  fiftc^en  to  ninete(^n  feet  in  the  100; 
and  from  this  point  to  within  ahout  200  miles  of 
the  coast  of  Newfoundland  when  it  hegins  to  shoal 
again,  there  is  a  vast  undulating  suhmarine  plain, 
averaging  ahout  2,000  fathoms  in  depth  below  the 
surface — tlie  '  telegrapli  plateau.' 

A  valley  about  r)00  miles  wide,  and  with  a  mean 
depth  of  2,500  fathoms,  stretches  from  off  the  south- 
west coast  of  Ireland,  along  the  coast  of  Europe 
dipping  into  the  Bay  of  Biscay,  past  the  Strait  of 
(libraltar,  and  along  the  Avest  coast  of  Africa.  Oppo- 
site the  Cape  de  Verde  Islands  it  seems  to  merge  into 
a  slightly  deeper  trough,  Avhich  occupies  the  axis  of 
the  South  Atlantic  and  passes  into  the  Antarctic  Sea. 
A  nearly  simiU\r  valley  curves  round  the  coast  of 
North  America,  about  2,000  fathoms  in  depth  off 
Newfoundland  and  Labrador,  and  becoming  consider- 
ably deeper  to  the  soutlnvard ;  Avhere  it  follows  the 
outline  of  the  coast  of  the  States  and  the  Bahamas 
and  Windward  Islands,  and  iinally  joins  the  central 
trough  of  the  South  Atlantic  oif  the  coast  of  Brazil, 
with  a  depth  of  2,500  fathoms.  A  wide  nearly  level 
(^levated  tract  with  a  mean  depth  below  the  surface 
of  1,500  fathoms,  nearly  equal  in  area  to  the  con- 
tinent of  Africa,  extends  southwards  from  Iceland  as 
far  as  the  20th  parallel  of  north  latitude.  This 
plateau  culminates  at  the  j)arallel  of  40°  north 
latitude  in  the  volcanic  group  of  the  A5ores.  Pico, 
the  highest  point  of  the  Acores,  is  7,033  feet  (1,201 
fathoms)  above  the  level  of  the  sea,  which  gives  from 
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the  level  of  tlie  plaieau  a  heif^ht  of  16,200  feet  (2,701 
fathoms),  a  little  more  than  the  height  of  Mont 
Blanc  above  the  soa-Ievel. 

Aceuratc  soimtlin|>s  are  as  yet  much  too  tUstant 
to  justify  anything  like  a  detailed  contour  map  of  the 
bed  of  tlie  Atlantic,  and  such  a  sketch  as  the  one 
here  given  can  only  be  regarded  as  a  lirst  rough 
draft.  >*othing,  however,  can  give  a  more  erroneous 
or  exaggerated  concei)tion  of  its  outline  than  the 
ideal  section  in  Captain  ilaury's  '  Physical  Geo- 
graphy of  the  Sea,'  although  it  is  iu  a  certain  sense 
correct. 

According  to  our  present  information,  we  must 
regard  the  Atlantic  Ocean  as  covering  a  vast  region 
of  wide  shallow  valleys  and  undulating  plains,  with 
a  few  groups  of  volcanic  mountains,  insignificant 
both  in  height  and  extent,  Avhen  we  consider  the 
enormous  area  of  the  ocean  bed. 


CHAPTER  Vr. 


DEEr-SEA    DREDGING. 


Tho  Naturalist's  Dredge. — U.  F.  Chiller. — Ball's  Dredge. — Dredging 
at  luodemte  Depths. — The  Dredge-rope. — Dredging  in  Deep 
Water. — The  *  Hempen  tangles.* — Dredging  on  board  the  *  Porcu- 
pine.'— The  Sieves. — The  Dredger's  Note-book. — The  Dredging 
Committee  of  the  British  Association. — Dredging  on  tho  Coast  of 
Britain. — Dredgiug  abroad. — History  of  the  Progress  of  Know- 
ledge of  the  Abyssal  Fauna. 

Appexdix  a. — One  of  tho  Dredging  Pai)ers  issued  by  the  British 
Association  Committee,  filled  up  by  Mr.  MacAndrew. 

Up  to  the  middle  of  last  century  the  little  that 
was  known  of  the  inhabitants  of  the  bottom  of  the 
sea  beyond  low-water  mark,  seems  to  have  been 
gathered  almost  entirely  from  the  feAv  objects  found 
thrown  upon  the  beach  from  time  to  time  after 
storms,  and  from  chance  captures  on  lead-lines,  and 
by  fishermen  on  their  long  lines  and  in  trawls  and 
oyster  and  clam  dredges.  Even  these  precarious 
sources  of  information  could  not  be  used  to  the 
utmost,  for  it  was  next  to  impossil)le  to  induce  fisher- 
men to  bring  ashore  any  tiling  except  the  regular 
objects  of  their  industry.  Even  now  the  schoolmaster 
has  scarcely  made  way  enough  to  eradicate  old  pre- 
judices. Fishermen  are  often  so  absolutely  ignorant 
of  the  nature  of  those  extraneous  animals,   that  it 
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is  conceivable  to  them  that  they  may  be  devils  of 
some  kind  wliich  may  have  the  power  in  some  occult 
way  of  ijifluencing  them  and  the  results  of  their 
fishing.  I  believe,  however,  tliat  with  the  progress 
of  education  tliis  notion  is  dying  out  in  most  places, 
and  that  now  fewer  rarities  and  novelties  are  lost 
because  it  is  *  unlucky'  to  keej)  tiiem  in  the  boat. 

The  naturalist's  dredge  does  not  appear  to  have 
l)een  systematically  used  for  investigating  the  fauna 
of  the  bottom  of  the  sea,  until  it  Avas  employed  by 
Otho  Frederick  Mliller  in  the  researches  which 
afforded  material  for  the  publication  in  1779  of  his 
admirable  "  Descriptions  and  History  of  the  rarer  and 
less  known  Animals  of  Denmark  and  Norway."  In 
the  preface  to  the  first  volume  Midler  gives  a  quaint 
account  of  his  machinery  and  mode  of  working  which 
it  is  pleasant  to  read. 

The  first  paragraph  quoted  gives  a  description  of  a 
dredge  not  very  unlike  that  used  by  Ball  and  Forbes 
(Fig.  44),  only  the  mouth  of  the  dredge  seems  to 
have  been  square,  a  modification  of  the  ordinary 
form  which  Ave  find  useful  for  some  purposes  still, 
but  in  most  cases  it  gives  fatal  facilities  for  '  wash- 
ing out '  in  the  process  of  hauling  in. 

"  Praecipuum  instrumentum,  quo  fundi  maris  et 
sinuum  incolas  extrahere  conabar,  erat  Sacculus  re- 
ticularis, ex  funiculis  cannabinis  concinnatus,  mar- 
gine  aperturae  alligatus  laminis  quatuor  ferreis  ora 
exterior!  acutis,  vlnam  longis,  quatuor  vncias  latis, 
et  in  quadratum  dispositis.  Angulis  laminarum  ex- 
surgebant  quatuor  bacilli  ferrei,  altera  extremitate  in 
annulum  liberum  iuncti.  Huic  annectitur  funis  du- 
centarum  et  plurium  orgyarum  longitudine.    Saccus 


238  THE  DEPTHS  OF  THE  SEA.  [chap.  vi. 

rnari  immissus  poiidere  ferrei  apparatus  fundum 
plerumque  petit,  interdum  diuersorum  et  contra- 
riorum  saepe  lluininum  maris  inferioruin  aduersa 
actione  moleque  ipsius  funis  plurium  orgyarum  in 
via  retineri,  nee  fundum  attingere  creditur." 

The  figure  of  this  first '  naturalist's  dredge '  is  taken 
from  an  ornamental  scroll  on  the  title-page  of 
Muller's  Look. 

"Pundo  iniacens  ope  remorum  aut  vonti  modiei 
trahitur,  donee  tractum  quendam  quaeuis  obuia  exci- 
piendo  confeeerit.  In  cymbam  denique  retrahitur  spe 
et  labore,  at  opera  et  oleum  saepe  perditur,  nubesque 
pro  lunone  captatur,  vel  enim  totus  argilla  fumante 
aut  limo  foetente,  aut  meris  silicibus,  aut  testaceorum 
et  corallioruni  eniortuorum  quisquiliis  impletur,  vel 
saxis  praeruptis  et  latebrosis  cautibus  implicitus 
horarum  interuallo  vel  in  perpetuum  omnia  experi- 
eutis  retrahendi  inuenta  frustrat ;  interdum  quidem 
vnum  et  alterum  molliiscnm,  hclminthicum^  aut  tes- 
taceum  minus  notum  in  dulee  laborum  lenimen 
reportat."  MuUer  graphically  describes  the  difficul- 
ties Avhich  he  encountered  in  carrvinc:  on  liis  work. 
The  paucity  of  animal  life  on  the  Scandinavian  coasts; 
the  wild  and  variable  climate,  "  aeris  intemperies, 
marisque  in  sinubus  et  oris  maritimis  Norvegiae 
inconstantia  adeo  praepropera  et  praepostera,  vt  aer 
calidissimus  vix  minutorum  interuallo  in  frigidum, 
tempestas  serena  in  horridam,  malacia  infida  in  aestu 
ferventem  pelagum  hand  raro  mutetur."  Still  nothing 
can  quell  the  energy  of  the  enthusiastic  old  naturalist, 
who  looks  upon  all  his  hardships  as  part  of  the  day's 
work:  "llanc  mutationem  saepius  cum  vilae  periculo 
et    sanitatis    dispendio    cxpertus    sum,   nee    tamen, 
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menibi'a  licet  fractus,  anitnum  doiiiisi,  ncc  ab  incepto 
desistere  potui.  Discant  deliiiic  historiae  naturalis 
scituli,  rariora  uaturae  abs(iuu  indefesso  labore  nee 
comparari,  uec  iuste  uosci."'  It  does  not  appear, 
however,  that  Otho  Frederick  Miillcr  dredged  much 
beyond  tliirty  fathoms,  and  in  his  day  the  knowledge 
of-  marine  animals  was  not  sufficiently  ad\anced  to 
warrant  any  generalization  as 
to  their  bathymetrical  distri- 
bution. 

The  instrument  usually  em- 
ployed in  this  and  other 
northern  countries  for  dredg- 
ing oysters  and  clams  is  a 
light  frame  of  iron  about  five 
feet  long  by  a  foot  or  so  in 
width  at  the  mouth,  with  a 
scrajjer  like  a  narrow  hoe  0:1 
one  side,  and  a  suspending 
apparatus  of  thin  iron  bars 
Avhich  meet  in  an  iron  ring  for 
tlie  attachment  of  the  dredge 
rope  on  tlic  other.  From 
the  frame  is  suspended  a  bag 
about  two  feet  in  depth,  of 
iron  chain  netting,  or  of  wide-meshed  liempen  cord 
netting,  or  of  a  mixture  of  both.  Naturalist  dredgers 
at  first  used  the  oyster  dredge,  and  all  the  different 
dredges  now  in  use  are  modifications  of  it  in  one 
direction  or  in  another ;  for  in  its  simplicity  it  is  not 

'  Zoolofjia  Danica.  Srv  Aiiimaliviii  Dauiae  et  Xorve^iao  rarioruiu 
Jic  niinvs  notorviii  Ppacriptiones  uX  Jlistoria.  Avctore  <.>tbono  Friderico 
Miillcr.     Ilaviiide,  1788. 
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suitable  for  scientific  purposes.  The  oyster  dredge 
has  a  scraper  only  on  one  side.  In  the  skilled  hands 
of  the  fishermen  this  is  no  disadvantage,  for  it  is 
always  sent  down  in  such  a  way  that  it  falls  face 
foremost,  but  pliilosophers  using  it  in  deep  water 
very  generally  found  that 
whether  from  clumsiness 
or  from  want  of  sufficient 
practice,  they  had  got  the 
dredge  down  on  its  back, 
and  of  course  it  came 
up  empty.  Again,  oyster 
dredgers  are  only  allowed 
to  take  oysters  of  a  certain 
size,  and  the  meshing  of 
the  commercial  dredge  is 
so  contrived  as  to  allow 
all  bodies  under  a  certain 
considerable  size  to  pass 
through.  This  defeats  the 
object  of  the  naturalist ; 
for  some  of  the  prizes 
to  which  he  attaches  the 
highest  value  are  mites  of 
tilings  scarcely  visible  to 
the  unaided  eye. 

The  remedy  for  these  de- 
fects is  to  have  a  scraper 
on  each  side,  with  the  arms  attached  in  such  a  way 
that  one  or  other  of  the  scrapers  must  reach  the 
ground  in  whatever  position  the  dredge  may  fall ;  and 
to  have  the  bag  deeper  in  proportion  to  the  size  of 
the  frame,  and  of  a  material  which  is  onlv  sufficientlv 
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open  to  allow  the  water  to  pass  freely  through,  with 
the  openings  so  distributed  as  to  leave  a  part  of  the 
bag  close  enough  to  bring  up  the  finest  mud. 

The  late  Dr.  Robert  Ball  of  Dublin  devised  the 
modification  which  has  since  been  used  almost  uni- 
versally by  naturalists  in  this  country  and  abroad 
under  the  name  of  *  Ball's  Dredge '  (Fig.  45).  The 
dredges  on  this  pattern  used  in  Britain  for  ten 
years  after  their  first  introduction  about  the  year 
1838,  were  usually  small  and  rather  heavy — not 
more  than  from  twelve  to  fifteen  inches  in  length 
by  four  or  four  and  a  half  inches  in  width  at  the 
mouth.  There  were  two  scrapers  the  length  of  the 
dredge-frame  and  an  inch  and  a  half  or  two  inches 
wide,  set  at  an  angle  of  about  110°  to  the  plane 
of  the  dredge's  mouth,  so  that  when  the  dredge 
was  gently  hauled  along  it  took  hold  of  the  ground 
and  secured  anything  loose  on  its  surface.  I  have 
seen  Dr.  Ball  scatter  pence  on  the  drawing-room 
floor  and  pick  them  up  quite  dexterously  with 
the  dredge  drawn  along  in  the  ordinary  dredging 
position. 

Latterly  we  have  used  Ball's  dredges  of  consider- 
ably larger  size.  Perhaps  the  most  convenient  form 
and  size  for  dredging  from  a  row-boat  or  a  yawl  at 
depths  imder  a  hundred  fathoms  is  that  represented 
by  Fig.  45.  The  frame  is  eighteen  inches  long,  and 
its  width  is  five  inches.  The  scrapers  are  three 
inches  wide,  and  they  are  so  set  that  the  distance 
across  between  their  scraping  edges  is  seven  inches 
and  a  half.  The  ends  of  the  frame  connecting  the 
scrapers  are  round  bars  of  iron  five-eighths  of  an 
inch  in  diameter,  and  from  these  two  curved  arms  of 
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round  iron  of  the  same  thickness,  dividing  heneath 
into  two  branches  which  are  attached  to  the  ends  of 
the  cross-bars  by  eyes  allowing  the  arms  to  fold  down 
over  the  dredge-mouth,  meet  in  two  heavy  eyes  at  a 
point  eighteen  inches  above  the  centre  of  the  frame. 
The  total  weight  of  the  dredge-frame  and  arms  is 
twenty  pounds.  It  ought  to  be  of  the  best  Low- 
moor  on  Swedish  wrought-iron.  I  have  seen  a  stout 
dredge-frame  of  Lowmoor  iron  twisted  like  a  bit 
of  wax  in  extricating  it  from  a  jam  between  two 
stones,  and,  singularly  enough,  the  dredge  which 
came  up  in  that  condition  contained  the  unique 
example  of  an  echinoderm  never  found  before  or 
since. 

The  thick  inner  edges  of  the  scrapers  are  perforated 
by  round  holes  at  distances  of  about  an  inch,  and 
through  these,  strong  iron  rings  about  an  inch  in 
diameter  arc  passed,  and  two  or  three  like  rings  run 
on  the  short  rods  which  form  the  ends  of  the  dredge- 
frame.  A  light  iron  rod  bent  to  the  form  of  the 
dredge  opening  usually  runs  through  these  rings,  and 
to  this  rod  and  to  the  )'ings  the  mouth  of  the  dredge- 
bag  is  securely  attached  by  stout  cord  or  strong 
copper  wire. 

In  the  dredge  now  before  me,  which  has  worked 
well  and  seen  good  service,  the  bag  is  two  feet  in 
depth,  and  is  of  hand-made  net  of  very  strong  twine, 
the  meshes  half  an  inch  to  the  side.  So  open 
a  network  would  let  many  of  the  smaller  things 
through,  and  to  avoid  this  the  bottom  of  the  bag,  to 
the  height  of  about  nine  inches,  is  lined  with  *  bread- 
bag,'  a  light  open  kind  of  canvas. 

Many  other  materials  have  been  used  for  dredge- 
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bags.  Raw  buffalo-  and  cow-hides  are  very  strong, 
but  they  are  apt  to  become  offensive.  When  these 
are  used  it  is  necessary  to  punch  holes  here  and  there 
to  let  the  water  through  or  to  leave  the  seams  which 
are  sewed  with  thongs  a  little  open.  Another  bag 
which  I  have  used  frequently  is  made  of  sail-cloth, 
with  a  window  of  strong  brass  wire  gauze  let  in  on 
either  side.  Nothing,  however,  seems  to  me  so  good 
as  strong  cord  netting.  The  water  passes  easily 
through  and  carries  with  it  a  large  part  of  the  fine 
mud,  while  enough  mud  is  retained  by  the  bread- 
bag  lining  in  the  bottom  to  give  a  fair  sample  of  its 
contents.  It  may  be  said  that  many  small  valuable 
objects  may  be  washed  through  the  meshes  of  the 
upper  part  of  the  dredge  along  with  the  mud,  and 
thus  lost ;  but,  on  the  other  hand,  if  the  bag  be  very 
close  it  is  apt  to  get  filled  up  with  mud  at  once,  and 
to  collect  nothing  more. 

It  is  always  well  when  dredging,  at  whatever 
depth,  to  ascertain  the  approximate  depth  with  the 
lead  before  casting  the  dredge ;  and  the  lead  ought 
always  to  be  accompanied  by  a  protected  thermome- 
ter, for  the  subsequent  haul  of  the  dredge  will  gain 
greatly  in  value  as  an  observation  in  geographical 
distribution  if  it  be  accompanied  by  an  accurate  note 
of  the  bottom  temperature.  For  depths  under  100 
fathoms  the  amount  of  rope  paid  out  should  be  at 
least  double  the  depth.  Under  thirty  fathoms,  where 
one  generally  works  more  rapidly,  it  should  be  more 
nearly  three  times.  This  gives  a  good  deal  of  slack 
before  the  dredge  if  the  boat  be  moving  very  slowly, 
and  keeps  the  lip  of  the  dredge  well  down ;  and  if  the 
boat  be  moving  too  quickly  through  the  water,  by 
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fur  the  most  common  error  in  amateur  dredging, 
from  the;  low  angle  at  which  the  line  is  lying  in  the 
wat<n*  the  dnidge  has  its  best  cliance  of  getting  an 
(>(;(!asional  scrape^.  It  is  bad  economy  to  use  too 
li'jfht  a  rope.  I'or  a  dredge  such  as  that  described, 
and  for  work  round  the  coasts  of  Euroi)e  at  depths 
attainabh)  from  a  row-boat  or  yawl,  I  would  recom- 
mend bolt-rope  of  the  best  Russian  hemp,  not  less 
than  one  and  a  half  inch  in  circumference,  which 
shoidd  contain  from  eighteen  to  twenty  yarns 
in  thn^e  strands.  Each  yarn  should  bear  nearly  a 
hundredwcMght,  so  that  the  breaking  strain  of  such  a 
rop(5  ought  to  bo  upwards  of  a  ton.  Of  course  it  is 
nt*v(*r  voluntarily  exposed  to  such  a  strain,  but  in 
shaUow  watiu'  the  dredge  is  often  cauglit  among 
rocks  or  coral,  and  the  rope  ought  to  be  strong 
tMiough  in  such  a  case  to  bring  up  the  boat,  even  if 
there  were  some  little  way  on. 

Dredging  in  sand  or  mud,  the  dredge-rope  may 
simi)ly  bo  passed  through  the  double  eye  formed  by 
the  extremities  of  the  two  arms  of  the  dredge;  but  in 
iHH*kv  or  unknown  i?round  it  is  better  to  fasten  the 
n>iK^  to  the  eye  of  one  of  the  arms  only,  and  to  tie  the 
two  eves  toj?t^ther  with  about  three  or  four  turns  of 
n>pe  yarn-  This  bivaks  much  more  readily  than  the 
dnnlgi^  ri^lK**  so  that  if  the  dredge  get  caught  it  is 
the  lirst  thins?  to  ijive  wav  \mder  a  strain,  and  in 
doing  so  it  very  often  so  alters  the  position  and  form 
of  tlio  drtHls:^^  as  to  allow  of  its  extrication. 

The  drtnlgo  is  slippetl  gently  over  the  side,  either 
from  the  K>w  or  from  the  stem — in  a  small  boat 
more  usuallv  the  latter — wliile  then^  is  a  little  war 
KM),  »i\d  the  dinvtion  which  the  rope  takes 
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cates  roughly  whether  the  dredge  is  going  down 
properly.  When  it  reaches  the  ground  and  begins 
to  scrape,  an  experienced  hand  upon  the  rope  can 
usually  at  once  detect  a  tremor  given  to  the  dredge 
by  the  scraper  passing  over  the  irregularities  of  the 
bottom.  The  due  amount  of  rope  is  then  paid  out, 
and  the  rope  hitched  to  a  bench  or  rollock-pin. 

When  there  is  anything  of  a  current,  from  what- 
ever cause,  it  is  usually  convenient  to  attach  a  weight 
varying  from  fourteen  pounds  to  half  a  hundred- 
weight, to  the  rope  three  or  four  fathoms  in  front  of 
the  dredge.  This  prevents  in  some  degree  the  lift- 
ing of  the  mouth  of  the  dredge.  If  the  weight  be 
attached  nearer  tlie  dredge,  it  is  apt  to  injure  delicate 
olrjects  passing  in. 

The  boat  should  move  very  slowly,  probably  not 
faster  than  a  mile  an  hour.  In  still  water,  or  with 
a  very  slight  current,  t)ie  dredge  of  course  anchors 
the  boat,  and  oars  or  sails  are  necessary;  but  if 
the  boat  be  moving  at  all  it  is  all  that  is  required. 
I  like  best  to  dredge  Avith  a  close-reefed  sail  before  a 
light  wind,  Avith  weights,  against  a  very  slight  tide 
or  current ;  but  these  are  conditions  wliich  cannot 
always  be  commanded.  The  dredge  may  remain 
down  from  a  quarter  of  an  hour  to  twenty  minutes, 
by  wliich  time,  if  things  go  well,  it  ought  to  be 
fairlv  filled. 

In  dredging  from  a  small  boat  the  simplest  plan  is 
for  two  or  three  men  to  haul  in  hand  over  hand  and 
coil  in  the  bottom  of  the  boat.  For  a  large  yawl 
or  yacht,  and  for  depths  beyond  fifty  fathoms,  a 
winch  is  a  great  assistance.  The  rope  takes  a  couple 
of  turns  round  the  winch,  which  is  worked  by  two 
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men,  while  a  tliird  takes  it  from  the  winch  and 
coils  it. 

Dredging  in  deep  water— that  is,  at  depths  beyond 
200  fathoms — is  a  matter  of  some  difficulty,  and  can 
scarcely  be  compassed  with  the  ordinary  machinery 
at  the  disposal  of  amateurs.  Deep-sea  dredging  can 
no  doubt  be  carried  on  from  a  good-sized  steam  yacht, 
but  the  appliances  are  so  numerous  and  so  bulky, 
and  the  work  is  so  really  hard,  that  it  is  scarcely 
compatible  with  pleasure-seeking. 

I  do  not  know  that  much  improvement  can  be 
made  upon  the  apparatus  and  method  employed  in 
the  *  Porcupine '  in  1869  and  1870.  I  will  therefore 
describe  her  dredging  gear  and  the  dredging  opera- 
tion carried  on  from  her  at  the  greatest  depths  in 
the  Bay  of  Biscay,  that  which  tested  our  resources 
most  fully,  somewhat  in  detail. 

The  *  Porcupine '  is  a  382-ton  gun-boat,  fitted  up 
for  the  surveying  service,  in  which  she  has  been  em- 
ployed for  some  years  past  among  the  Hebrides,  and 
latterly  on  the  east  coast  of  England.  She  was 
assigned  for  our  special  work  in  1869,  with  all  her 
ordinary  surveying  fittings;  and  certain  very  im- 
portant additions  were  made;  among  others  the 
double-cylinder  donkey  engine,  which  worked  up 
to  about  twelve  horse-power,  with  surging  drums 
of  different  sizes,  large  drums  for  bringing  up  light 
weights  rapidly,  and  smaller  drums  for  heavy  work. 
This  engine  was  set  up  amidships,  so  that  lines  could 
be  led  to  the  drums  either  from  fore  or  aft.  yhe 
donkey-engine  proved  a  most  serviceable  little 
machine.  "We  almost  always  used  the  large  drum, 
both  in  dredging  and  sounding :  and  except  on  one 
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or  two  occasions  when  an  enormous  load,  once 
nearly  a  ton,  came  up  in  the  dredge-bag,  it  de- 
livered the  rope  steadily,  at  a  uniform  rate  of  more 
than  a  foot  per  second,  for  the  whole  summer. 

A  powerful  derrick  projected  over  the  port  bow. 
A  large  block  was  suspended  at  the  end  of  the 
derrick  by  a  rope  which,  as  in  the  case  of  the  sound- 
ing-line, was  not  directly  attached  to  the  spar  but 
passed  through  an  eye,  and  was  attached  to  a  *  bitt ' 
on  deck.  On  a  bight  of  this  rope  was  lashed  a 
powerful  accumulator,  the  machine  already  described 
(p.  222)  as  of  so  much  use  in  the  management  of 
the  sounding-line.  In  dredging  from  a  large  vessel 
the  *  accumulator '  is  invaluable.  From  the  great 
strength  of  the  springs  the  dredge  is  usually  drawn 
along  Avithout  stretching  them  to  any  great  degree ; 
they  become  tense  and  taut,  and  yield,  with  a  kind 
of  slight  pulsation,  to  the  rise  and  fall  of  the  vessel. 
Whenever  they  run  out  it  is  a  sure  indication  that 
either  the  dredge  has  caught  or  the  weight  in  it  is 
becoming  too  great,  and  that  the  dredge-roj^e  ought 
to  be  relieved  by  a  turn  of  the  paddle-wheel  or  screw. 
Care  should  be  taken  not  to  have  the  bight  of  the 
rope  to  which  the  accumulator  is  attached  more 
than  about  twice  the  length  of  the  unstretched 
springs.  Springs  in  good  order  ought  to  stretch  to 
much  more  than  double  their  length ;  but  it  is  unsafe 
to  try  them  too  far,  as  a  lash  from  one,  if  it  were  to 
give  way,  would  be  most  serious.  When  a  great 
strain  comes  upon  the  rope,  it  acts  first  upon  the 
accumulator,  pulling  down  the  block  and  stretching 
the  elastic  bands ;  and  a  graduated  scale  on  the  der- 
rick, against  which  the  accumulator  plays,  gives  in 
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cwts.  an  approximation  at  all  events  to  the  strain 
on  the  rope. 

A  second  derrick,  nearly  equally  strong,  was  rigged 
over  the  stern,  and  we  dredged  sometimes  from  one 
and  sometimes  from  the  other.  The  stern  derrick  was, 
however,  principally  used  for  sounding ;  the  letting- 
go  board,  &c.,  being  fitted  up  in  connection  with  it. 
We  had  an  excellent  arrangement  for  stowing  the 
dredge-rope  in  the  *  Porcupine ;'  an  arrangement 
which  made  its  manipulation  singularly  easy,  not- 
withstanding its  great  weight — about  5,500  lbs.  A  row 
of  about  twenty  great  iron  pins,  about  two  and  a  half 
feet  in  length,  projected  over  one  side  of  the  quarter- 
deck, rising  obliquely  from  the  top  of  the  bulwark. 
Each  of  these  held  a  coil  of  from  two  to  three  hun- 
dred fathoms,  and  the  rope  was  coiled  continuously 
along  the  whole  row  (Fig.  46).  When  tlie  dredge 
was  going  down,  the  rope  was  taken  rapidly  by  the 
men  from  these  pins — *Aunt  Sallies'  we  called  them, 
from  their  ending  over  the  deck  in  smooth  white 
balls — in  succession,  beginning  with  the  one  nearest 
the  dredging  derrick ;  and  in  hauling  up,  a  relay  of 
men  carried  the  rope  along  from  the  surging  drum 
of  the  donkey-engine  and  laid  it  in  coils  on  the  pins 
in  inverse  order.  Thus,  in  letting  go,  the  rope 
passed  to  the  block  of  the  derrick  directly  from  the 
'  Aunt  Sallies ; '  in  hauling  up,  it  passed  from  the 
block  to  the  surging  drum  of  the  donkey-engine, 
from  which  it  was  taken  by  the  men  and  coiled  on 
the  '  Aunt  Sallies.' 

The  length  of  the  dredge-rope  was  3,000  fathoms, 
nearly  three  and  a  half  statute  miles.  Of  this,  2,000 
fathoms   were   *  hawser-laid,'   of   the    best    Russian 
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hemp,  2^  inches  in  circumference,  with  a  breaking 
strain  of  2\  tons.  The  1,000  fathoms  next  the 
dredge  were  *  hawser-laid,'  2  ii^ches  in  circumference. 
A  Russian  hemp  rope  appears  to  be  the  most  suit- 
able. A  manilla  rope  is  considerably  stronger  for 
a  steady  pull,  but  the  fibre  is  more  brittle  and  liable 
to  go  at  a  *  kink.'  I  have  never  seen  a  wire-rope  used, 
but  I  should  think  it  would  be  liable  to  the  same 
objection.  The  *  Challenger '  is  to  be  supplied  with 
*  whale-line '  for  her  great  expedition.  The  frame  of 
one  of  the  dredges  which  we  used  in  the  Bay  of 
Biscay  is  represented  at  Figs.  47  and  48.  Tlie  length  of 


Fzo.  47.— Tlie  End  of  the  Drudge  frame. 

the  dredge-frame  is  4  ft.  6  in.,  and  it  is  6  inches  wide 
at  the  throat  or  narrowest  part.  The  dredge  used  in 
the  deepest  haul  was  somewhat  diflferent.  About 
half  of  each  arm  next  the  eye  to  which  the  rope  was 
attached,  was  of  heavy  chain.  I  doubt  greatly,  how- 
ever, if  this  is  an  advantage.  The  chain  drags  along 
in  front  of  the  dredge,  and  may  possibly  obstruct 
the  entrance  of  objects  and  injure  them  more  than  a 
pair  of  rigid  arms  would  do.  On  one  side  the  chain 
was  attached  to  the  arm  of  the  dredge  by  a  stop  of 
five  turns  of  spun-yarn,  so  that  in  case  of  the  dredge 
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becoming  entangled  or  wedged  among  rocks  or 
stones,  a  strain  less  than  sufficient  to  break  the 
dredge  rope  would  break  the  stop,  alter  the  position 
of  the  dredge,  and  probably  enable  it  to  free  itself ; 
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and  in  ease  of  its  taking  in  a  greater  load  of  mud 
than  the  rope  could  bring  up,  the  stop  would  like- 
wise give  way  and  allow  the  dredge  to  fall  into  such 
a  position  that  a  large  part  of  its  contents  would  slip 
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out.  The  weight  of  the  frame  of  this  dredge,  the 
largest  we  ever  used,  was  225  lbs. ;  it  was  forged  by 
Messrs.  Harland  and  Wo]ff  of  Belfast  of  the  best 
Lowmoor  iron.  The  dredge-bag  was  double — the 
outer  of  strong  twine  netting,  the  inner  of  bread- 
bag.  Three  sinkers — one  of  1  ewi, 
the  other  two  of  56  lbs.  each — were 
attached  to  the  dredge-rope  at  500 
fathoms  from  the  dredge. 

Tlie  operation  of  sounding  at  a 
depth  of  2,435  fathoms  in  the  Bay 
of  Biscay  on  the  22nd  of  July,  1869, 
has  already  been  described  in  detail. 
When  the  depth  had  been  accurately 
ascertained,  about  4.45  p.m.  the 
dredge  was  let  go,  the  vessel  drift- 
ing slowly  before  a  moderate  breeze 
(force =4)  from  the  N.W.  The  3,000 
fathoms  of  rope  were  all  out  at  5.50 
P.M.  The  diagram  (Fig.  50)  will 
give  an  idea  of  the  various  relative 
positions  of  the  dredge  and  the  vessel 
according  to  the  plan  of  dredging 
adopted  by  Captain  Calver,  which 
worked  admirably,  and  which  ap- 
pears, in  fact,  to  be  the  only  mode 
which  would  answer  for  great  depths. 
A  represents  the  position  of  the  vessel  when  the 
dredge  is  let  go,  and  the  dotted  line  a  b  the  line  of 
descent  of  the  dredge,  rendered  oblique  by  the  ten- 
sion of  the  rope.  AVhile  the  dredge  is  going  down 
the  vessel  drifts  gradually  to  leeward ;  and  when 
the  whole  (say)  3,000  fathoms  of  rope  are  out,  c,  w, 


Fio.  49.— Thp  En«l  of  the 
DnMlgo-frain*',  Kliowin^ 
tho  mode  orattachiiiciit 
of  tlic  ling. 
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and  D  might  represent  respectively  the  relative  posi- 


tions of  the  Tesselj  the  weight  attached  600  fathoms 
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from  the  dredge,  and  the  dredge  itself.  The  vessel  now 
steams  slowly  to  windward,  occupying  successively 
the  positions  e,  f,  g,  and  h.  The  weight,  to  which 
the  water  offers  but  little  resistance,  sinks  from 
w  to  w',  and  the  dredge  and  bag  more  slowly  from 
D  to  B.  The  vessel  is  now  allowed  to  drift  back 
before  the  wind  from  h  towards  c.  The  tension  of 
the  motion  of  the  vessel,  instead  of  acting  immedi- 
ately oil  the  dredge,  now  drags  forward  the  weight 
w',  so  that  the  dredging  is  carried  on  from  the 
weight  and  not  directly  from  the  vessel.  The 
dredge  is  thus  quietly  pulled  along  with  its  lip 
scraping  the  bottom  in  the  attitude  which  it 
assumes  from  the  centre  of  weight  of  its  iron  frame 
and  arms.  If,  on  the  other  hand,  the  weights 
were  hung  close  to  the  dredge,  and  the  dredge  were 
dragged  directly  from  the  vessel,  owing  to  the  great 
weight  and  spring  of  the  rope  the  arms  would  be 
continually  lifted  up  and  the  lip  of  the  dredge  pre- 
vented from  scraping.  In  very  deep  dredging  this 
operation  of  steaming  up  to  windward  until  the 
dredge-rope  is  nearly  perpendicular,  after  drifting 
for  half  an  hour  or  so  to  leeward,  is  usually 
repeated  three  or  four  times. 

At  8.50  P.M.  we  began  to  haul  in,  and  the  *  Aunt 
Sallies'  to  fill  again.  The  donkey-engine  delivered 
the  rope  at  the  rate  of  rather  more  than  a  foot  per 
second,  without  a  single  cheek.  A  few  minutes 
before  1  a.m.  the  weights  appeared,  and  a  little  after 
one  in  the  morning,  eight  hours  after  it  was  cast 
over,  the  dredge  was  safely  hauled  on  deck,  having 
in  the  interval  accomplished  a  journey  of  upwards 
of  eight  statute  miles.     The  dredge  contained  1^  cwt. 
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of  very  characteristic  pale  grey  Atlantic  ooze.     The 
total  weight  brought  up  by  the  engine  was — 

2,000  fathoms,  2J-mch  rope 4,000  lbs. 

IjOOO  fathoms,  2-inch  rope 1,500   „ 

5,500  lbs. 

Weight  of  rope  reduced  to  one-fourth  in  water  =  1,375  lbs. 

Dredge  and  bag 275    „ 

Ooze  brought  up 168    „ 

Weight  attached 224    „ 

2,042  lb8. 

Much  more  experience  will  yet  be  necessary  before 
we  can  assure  ourselves  that  we  have  devised  the 
dredge  of  the  best  form  and  weight  for  work  in  the 
deep  sea.  I  rather  think  that  the  dredges,  150  to 
225  lbs.,  which  we  have  been  in  the  habit  of  using, 
are  too  heavy.  In  many  instances  we  have  had 
evidence  that  the  dredge,  instead  of  falling  gently 
upon  the  surface  and  then  gliding  along  and  gather- 
ing the  loose  things  in  its  path,  has  fallen  upon  its 
mouth  and  dug  into  the  tenacious  mud,  thereby 
clogging  itself,  so  as  to  admit  but  little  more.  I 
mean  to  try  the  experiment  of  heavier  weights  and 
lighter  dredge-frames  in  the  *  Challenger,'  and  I 
believe  it  will  be  an  improvement. 

In  many  of  our  dredgings  at  all  depths  we  found 
that,  while  few  objects  of  interest  were  brought  up 
within  the  dredge,  many  echinoderms,  corals,  and 
sponges  came  to  the  surface  sticking  to  the  outside 
of  the  dredge-bag,  and  even  to  the  first  few  fathoms 
of  the  dredge-rope. 

This    suggested    many    expedients,    and    finally 
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Captain  Calver  sent  down  half-a-dozen  of  the  'swabs' 
used  for  washing  the  decks  attached  to  the  dredge. 
The  result  was  marvellous.  The  tangled  hemp 
brought  up  everything  rough  and  moveable  which 
came  in  its  way,  and  swept  the  bottom  as  it  might 
have  swept  the  deck.  Captain  Calver' s  invention  ini- 
tiated a  new  era  in  deep-sea  dredging.  After  various 
experiments  we  came  to  the  conclusion  that  the 
best  plan  was  to  attach  a  long  iron  transverse  bar 
to  the  bottom  of  the  dredge-bag,  and  to  fasten  large 
bunches  of  teazed-out  hemp  to  the  free  ends  of  the 
bar  (Fig.  51).  We  now  regard  the  '  hempen  tangles ' 
as  an  essential  adjunct  to  the  dredge  nearly  as 
important  as  the  dredge  itself,  and  usually  much 
more  conspicuous  in  its  results.  Sometimes,  when 
the  ground  is  too  rough  for  ordinary  dredging,  we 
use  the  tangles  alone.  There  is  some  danger,  how- 
ever, in  their  use.  The  dredge  employed  under  the 
most  favourable  circumstances  may  be  supposed  or 
hoped  to  pass  over  the  surface  of  the  floor  of  the 
sea  for  a  certain  distance,  picking  up  the  objects  in 
its  path  which  are  perfectly  free,  and  small  enough 
to  enter  the  dredge  mouth.  If  they  chance  to  be 
attached  in  any  way,  the  dredge  rides  over  them. 
If  they  exceed  in  the  least  the  width  of  the  dredge- 
opening,  at  the  particular  angle  at  which  the  dredge 
may  present  itself  at  the  moment,  they  are  shoved 
aside  and  lost. 

The  Mollusca  have  by  far  the  best  chance  of  being 
fully  represented  in  investigations  carried  on  by  the 
dredge  alone.  Their  shells  are  comparatively  small 
solid  bodies  mixed  with  the  stones  on  the  bottom, 
and  they  enter  the  dredge  along  with  these.    Echino- 
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derms,  corals,  and  sponges,  on  tlic  contrary,  are  Iiiilky 
objects,  and  are  frequently  partially  buried  in  the 


mud   or  more  or  less  firmly  attached,  so  that  the 
dredge  generally  misses  them.     TVith  tlie  tangles  it 
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is  the  reverse.  The  smooth  lieavy  shells  are  rarely 
brought  up,  while  frequently  the  tangles  loaded  \vith 
the  spiny  spheres  of  Cidaris^  great  white-bearded 
Holtenicej  glistening  coils  of  Hyalonema,  relieved  by 
the  erimson  stars  of  Astropecten  and  Brisiugo,  pre- 
sent as  remarkable  an  appearance  as  can  well  be 
imagined.  On  one  occasion,  to  which  I  have  already 
referred,  I  am  sure  not  fewer  than  20,000  examples 
of  Echinus  nortegiciis  came  up  on  the  tangles  at 
one  haul.  They  were  warped  through  and  through 
the  hempen  fibres,  and  actually  filled  the  tangles 
so  that  we  could  not  get  them  out,  and  they  hung 
for  days  round  the  bulwarks  like  nets  of  pickling 
onions  in  a  greengrocer's  shop.  The  use  of  the 
tangles,  which  seem  so  singularly  well  adapted  to 
their  capture,  gives  therefore  a  totally  unfair  advan- 
tage to  the  radiate  groups  and  the  sponges,  and  this 
must  always  be  taken  into  account  in  estimating 
their  proportion  in  the  fauna  of  a  particular  area. 

The  tangles  certainly  make  a  sad  mess  of  the 
specimens ;  and  the  first  feeling  is  one  of  woe,  as  we 
undertake  the  almost  hopeless  task  of  clipping  out 
with  a  pair  of  short  nail-scissors  the  mangled 
remains  of  sea-pens,  the  legs  of  rare  crabs,  and 
the  dismembered  disks  and  separated  arms  of  delicate 
crinoids  and  ophiurids.  We  must  console  ourselves 
with  the  comparatively  few  things  which  come  up 
entire,  sticking  to  the  outer  fibres ;  and  with  the  re- 
flection that  had  we  not  used  this  somewhat  ruthless 
means  of  capture  the  mutilated  specimens  would  have 
remained  unknown  to  us  at  the  bottom  of  the  sea. 

The  dredge  comes  up  variously  freighted  according 
to  the  locality.      Usually,  if  dexterously  managed. 
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the  bag  is  about  half  full.  If,  from  a  great  depth, 
beyond  the  reach  of  currents,  where  there  is  only  so 
slow  a  movement  of  the  mass  of  water  that  the  finest 
sediment  is  not  carried  away,  it  contains  usually 
fine  calcareous  or  aluminous  mud  alone,  with  the 
animals  forming  the  fauna  of  the  locality  distributed 
through  it.  In  shallower  water  we  may  have  sand 
or  gravel,  or  stones  of  various  sizes  mixed  with  mud 
and  sand. 

The  next  step  is  to  examine  the  contents  of  the 
dredge  carefully,  and  to  store  the  objects  of  search  for 
future  use.  The  dredge  is  hauled  on  deck,  and  there 
are  two  ways  of  emptying  it.  We  may  either  turn  it 
up  and  pour  out  its  contents  by  the  mouth,  or  we 
may  have  a  contrivance  by  which  the  bottom  of  the 
bag  may  be  made  to  unlace.  The  first  plan  is  the 
simplest  and  the  one  most  usually  adopted.  The 
second  has  the  advantage  of  letting  the  mass  out 
more  smoothly  and  easily,  but  the  lacing  introduces 
rather  a  damaging  complication,  as  it  is  apt  to 
loosen  or  give  way.  In  a  regularly  organized  dredg- 
ing expedition,  a  frame  is  often  arranged  with  a 
ledge  round  it  to  receive  the  contents  of  the  dredge, 
but  it  does  very  well  to  capsize  it  on  an  old  piece  of 
tarpauling.  Any  objects  visible  on  the  surface  of 
the  heap  are  now  carefully  removed  and  placed  for 
identification  in  jars  or  tubs  of  sea-water,  of  which 
there  should  be  a  number  standing  ready.  The 
heap  should  not  be  much  disturbed,  for  the  delicate 
objects  contained  in  it  have  already  been  unavoid- 
ably subjected  to  a  good  deal  of  rough  usage,  and 
the  less  friction  among  the  stones  the  better. 

Close  to  the  place  where  the  dredge  is  emptied 

s  2 
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there  ought  to  he  one  or  two  tubs  about  two  feet 
in  diameter  and  twenty  inches  deep,  and  each  tub 
should  be  provided  with  a  set  of  sieves  so  arranged 
that  the  lowest  sieve  fits  freely  within  the  bottom 
of  the  tub,  and  the  three  succeeding  sieves  fit  freely 
within  one  another  (Kig.  52).  Each  sieve  is  pro- 
vided with  a  pair  of  iron  handles  through  which 
the  hand  can  pass  easily,  and  the  handles  of  the 
larg^t  sieve  are  made  long;  so  that  the  whole  nest 
can  be  lifted  without  stooping  and  putting  the  arms 


into  the  water.  The  upper  smallest  sieve  is  usually 
deeper  than  the  others  ;  it  is  made  of  a  strong  open 
net  of  brass  wire,  the  meshes  a  half  inch  to  a  side. 
The  second  sieve  is  a  good  deal  finer,  the  meshes 
a  quarter  inch  to  a  side.  The  third  is  finer  still, 
and  the  fourth  so  clo.>ie  as  only  to  allow  the  passage 
of  mud  or  fine  sand.  The  sieves  are  put  into  the 
tub,  and  the  tub  filled  up  to  the  middle  of  the  top 
sieve  with  sea-water.  The  top  sieve  is  then  half 
filled  with  the  contents  of  the  dredge,  and  the  set 
of  sieves  are   gently  moved  up  and   down   in  tlie 
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water.  It  is  of  great  importance  not  to  give  any 
rotatory  motion  to  the  sieves  in  this  part  of  the 
process,  for  such  is  very  ruinous  to  fragile  organisms. 
The  sieves  should  be  gently  churned  up  and  down, 
whether  singly  or  together.  The  result,  of  course,  is 
that  the  rougher  stones  and  gravel  and  the  larger 
organisms  are  washed  and  retained  in  the  upper 
sieve.  The  fine  mud  or  sand  i)asses  through  the 
whole  of  tlie  sieves  and  subsides  into  the  bottom  of 
the  tub,  while  the  three  remaining  sieves  contain,  in 
graduated  series,  the  objects  of  intermediate  size. 
The  sieves  are  examined  carefully  in  succession,  and 
the  organisms  which  they  contain  gently  removed 
with  a  pair  of  brass  or  bone  forceps  into  the  jars 
of  sea-water,  or  placed  at  once  in  bottles  of  weak 
spirit  of  wine. 

The  scientific  value  of  a  dredging  operation  de- 
pends mainly  upon  two  things, — the  care  with  which 
tlie  objects  procured  are  i)reserved  and  labelled  for 
future  identification  and  reference,  and  the  accuracy 
with  which  all  the  circumstances  of  the  dredging, 
position,  depth,  nature  of  ground,  bottom  tempera- 
ture, date,  &c.,  are  recorded.  Witli  regard  to  the 
preservation  of  the  animals,  I  cannot  here  go  into 
detail.  There  are  many  ways  of  preserving,  special 
to  the  different  invertebrate  groups  ;  and  '  taxidermy ' 
is  in  itself  a  complicated  art.  I  will  merely  men- 
tion one  or  two  general  points.  A  specimen  in 
almost  every  group  is  of  infinitely  greater  scientific 
value  if  it  be  preserved  entire  with  its  soft  parts, 
for  this  purpose  the  most  usual  plan  is  to  place  it 
at  once  in  spirit  of  wine  diluted  to  about  proof. 
Care  must  be  taken  not  to  put  too  many  specimens 
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together  ia  oae  jar,  or  they  will  very  shortly  become 
discoloured ;  and  the  jars  ou^ht  to  be  looked  to  care- 
fully and  the  spirit  tested,  and  if  necessary  renewed 
after  they  have  been  set  aside  for  a  day  or  two,  as 
sea  animals  contain  a  large  quantity  of  w^ater.  In 
hot  weather,  and  if  the  specimens  be  bulky,  it  is 
often  better  to  use  strong  spirit.  The  ordinary 
methylated  spirit  of  commerce  answers  sufficiently 
well  for  ordinary  purposes,  though  if  a  specimen  bo 
reserved  for  minute  dissection,  I  prefer  using  pure, 
or  even  absolute  alcohol. 

For  very  delicate  transparent  objects, — such  as 
salpa),  siphonophora,  polycystina,  &c.,  —  Goadby's 
solution  seems  to  be  preferable:  but  do  what  we 
may,  a  preserved  specimen  of  one  of  these  lovely 
objects  is  a  mere  caput  inortuum^  a  melancholy  sug- 
gestion of  its  former  beauty ;  good  only  for  the 
demonstration  of  anatomical  structure. 

In  preserving  marine  animals  dry,  as  much  of 
the  soft  parts  should  be  removed  as  possible,  and 
replaced  by  tow  or  cotton,  and  the  object  to  be 
dried  should  be  steeped  in  several  changes  of  fresh 
water  to  get  rid  of  the  whole  of  the  salt,  and  then 
dried  very  thoroughly  and  not  too  quickly.  Every 
specimen,  whether  dry  or  in  spirit,  should  be  labelled 
at  once^  with  the  number  under  which  this  particular 
dredging  is  entered  in  the  dredger's  note-book.  It 
is  wonderful  how  soon  things  get  into  confusion 
if  this  be  not  rigorously  attended  to.  The  small 
paper  tickets  with  a  fancy  margin  and  gummed  on 
the  back,  which  haberdashers  use  for  ticketing 
their  goods,  are  to  be  had  of  all  wholesale 
stationers  at  nominal  prices,  and  they  are  very  con- 
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venient.  Their  great  disadvantage  is  that  if  the 
bottles  on  which  they  are  fixed  get  wet  they  are  apt 
to  come  off. 

Pencils  are  sold  by  seed-merchants  for  writing  on 
tallies  wliich  are  to  be  exposed  to  rain.  Perhaps 
the  safest  plan  is  to  mark  the  number  and  date  with 
such  a  pencil  on  a  shred  of  parchment  or  parch- 
ment paper,  and  put  it  into  the  bottle.  This  may 
seem  a  trifling  detail,  but  so  great  inconvenience 
constantly  arises  from  carelessness  in  this  matter, 
that  I  feel  sure  of  the  sympathy  of  all  who  are 
interested  in  the  scientific  aspect  of  dredging  when 
I  insist  upon  the  value  of  accurate  labelling. 

It  is  of  even  greater  importance  that  certain 
circumstances  relating  to  every  individual  haul  of 
the  dredge  should  be  systematically  noted,  either 
in  the  dredger's  diary,  or  on  a  special  form  prepared 
for  the  purpose.  The  precise  position  of  the  station 
ought  to  be  defined  in  shore  dredging  by  giving 
the  distance  from  shore  and  the  bearini2:s  of  some 
fixed  objects;  in  ocean  dredging  by  noting  accurately 
the  latitude  and  longitude.  In  the  '  Lightning,'  in 
1868,  we  dredged  at  a  station  about  100  miles  to 
the  north  of  the  Butt  of  the  Lews,  and  came  upon 
a  singular  assemblage  of  interesting  animal  forms. 
Next  year,  in  the  *  Porcupine,'  we  w^ere  anxious  to 
try  again  the  same  spot  to  procure  some  additional 
specimens  of  a  sponge  which  we  were  studying. 
The  position  had  been  accurately  given  in  the  log 
of  the  '  Lightning,'  and  the  first  haul  at  a  depth  of 
upwards  of  half  a  mile  gave  us  the  very  same  group 
of  forms  w^hich  we  had  taken  the  year  before.  On 
our  return  Captain  Calver  again  dropped  the  dredge 
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upon  the  same  spot,  with  like  success.  The  depth 
in  fathoms  should  be  carefully  noted,  as  a  most  im- 
portant element  in  determining  the  conditions  of  life 
and  distribution  of  species;  and  the  nature  of  the 
bottom — whether  mud,  sand,  or  gravel;  and  if  the 
latter,  it  is  well  to  state  the  natui'e  and  composition 
of  the  pebbles,  and  if  possible  the  source  from  which 
they  may  probably  have  been  derived.  Now  that 
we  have  in  the  Miller-Casella  thermometer  a  reliable 
instrument  for  this  purj^ose,  the  bottom  temperature 
ought  always  to  be  noted.  This  is  important  whether 
in  shallow  or  in  deep  water.  In  shallow  water  it 
gives  a  datum  for  determining  the  range  of  annual 
variation  of  temperature  which  can  be  endured  by 
certain  species ;  and  at  great  depths  it  is  even  more 
important,  as  we  arc  now  aware  that,  owing  to  the 
movement  of  masses  of  water  at  different  tempera- 
tures in  various  directions,  totally  different  condi- 
tions of  climate  may  exist  in  deep  water  within  a 
few  miles  of  one  another,  and  the  limits  of  tliese 
conditions  can  only  be  determined  by  direct  experi- 
ment. It  is  important  when  determining  the  bottom 
temperature  to  note  also  the  temperature  of  the 
surface  of  the  sea,  the  temperature  of  the  air,  the 
direction  and  force  of  the  wind,  and  the  general 
atmospheric  conditions.  If  the  dredger  be  purely  a 
zoologist,  having  no  particular  interest  in  special 
physical  problems,  it  will  still  be  well  worth  his 
while  to  make  all  the  observations  indicated  and  to 
publish  the  results.  These  then  pass  into  the 
hands  of  physical  geographers,  to  whom  all  trust- 
worthy additions  to  the  myriad  of  data  which  are 
required  to   arrive  at  a  true  generalization  of  the 
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plieuomona  of  the  distribution  of   temperature   are 
most  acceptable. 

At  the  Birmingham  Meeting  of  tlie  British  Asso- 
ciation in  1839  an  important  committee  was  ap- 
pointed "  for  researches  with  the  dredge,  with  a 
view  to  the  investigation  of  the  marine  zoology  of 
Great  Britain,  the  illustration  of  the  geographical 
distribution  of  marine  animals,  and  the  more 
accurate  determination  of  the  fossils  of  the  plio- 
cene period :  under  the  superintendence  of  Mr. 
Gray,  Mr.  Forbes,  Mr.  Goodsir,  Mr.  Patterson,  Mr. 
Thompson  of  Belfast,  Mr.  Ball  of  Dublin,  Dr.  George 
Johnston,  Mr.  Smith  of  Jordan  Hill,  and  Mr.  A. 
Strickland."  The  appointment  of  this  committee 
may  be  regarded  as  the  initiation  of  the  systematic 
employment  of  this  method  of  research.  Edward 
Forbes  was  the  ruling  spirit,  and  under  the  genial 
influence  of  his  contagious  enthusiasm  great  pro- 
gress was  made  during  the  next  decade  in  the  know- 
ledge of  the  fauna  of  the  British  seas,  and  many 
wonderfully  pleasant  days  were  spent  by  the  original 
committee  and  by  many  others  who,  from  year  to 
year,  were  *  added  to  their  number.'  Every  annual 
report  of  the  British  Association  contained  commu- 
nications from  the  English,  the  Scottish,  or  the  Irish 
branches  of  the  committee,  and  in  1850  Edward 
Forbes  submitted  its  first  general  report  on  British 
marine  zoology.  This  report,  as  might  have  been 
anticipated  from  the  eminent  qualifications  of  the 
reporter,  was  of  the  highest  value ;  and  taken  along 
with  his  remarkable  memoirs  previously  published, 
"  on  the  distribution  of  the  MoUusca  and  Radiata 
of  the  jEgean  Sea,"  and  "on  the  geological  relations 
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of  the  existing  Fauna  and  Flora  of  the  British 
Isles,"  may  be  said  to  mark  an  era  in  the  progress 
of  human  thought. 

After  enumerating  various  additions  to  our  know- 
ledge of  the  distribution  of  marine  invertebrata 
within  the  British  area  which  were  still  to  be  de- 
sired, Forbes  concludes  his  report  with  the  following 
sentence :  "  And  lastly,  though  I  fear  the  consum- 
mation, however  devoutly  wished  for,  is  not  likely 
soon  to  be  effected,  a  series  of  dredgings  between 
the  Zetland  and  the  Fseroe  Isles,  where  the  greatest 
depth  is  under  700  fathoms,  would  throw  more  light 
on  the  natural  history  of  the  North  Atlantic  and 
on  marine  zoology  generally  than  any  investigation 
that  has  yet  been  undertaken." 

To  Forbes's  general  report  succeeded  many  reports 
from  the  different  sections  into  which  from  year  to 
year  the  committee  divided  itself.  Among  these  I 
may  mention  particularly  the  very  excellent  work 
done  by  the  Belfast  dredging  committee,  communi- 
cated to  several  meetings  of  the  Association  l)y  the 
late  Mr.  George  C.  Hyndman;  the  reports  of  the 
Dublin  committee  by  the  late  Professor  Kinahan 
and  Professor  E.  Perceval  Wright ;  the  important 
lists  of  the  fauna  of  the  East  Coast  of  England  re- 
ported on  behalf  of  the  Natural  History  Society  of 
Northumberland,  Durham,  and  Newcastle-upon-Tyne, 
and  of  the  Tyne-side  Naturalists'  Field  Club,  by  Mr. 
Henry  T.  Mcnncll  and  Mr.  G.  S.  Brady ;  and  lastly 
the  invaluable  reports  on  the  marine  fauna  of  the 
Hebrides  and  Shetland,  compiled  at  an  extraordinary 
expense  of  labour,  discomfort,  and  privation — doubt- 
less with  an  immediate  guerdon  of  infinite  enjoyment 
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— through  many  years,  by  Mr.  Gwyn  Jeffreys,  Mr. 
Barlee,  the  Rev.  A.  Merle  Norman,  and  Mr.  Edward 
Waller,  and  communicated  to  the  Transactions  of  the 
Association  from  1863  to  1868.  The  dredging  com- 
mittees of  the  British  Association,  combining  the 
pursuit  of  knowledge  with  the  recreation  of  their 
summer  holidays,  may  be  said  to  have  worked  out  the 
fauna  of  the  British  area  down  to  the  100-fathom 
line,  for  the  dredger  is  now  rarely  rewarded  by  a 
conspicuous  novelty,  and  must  be  contented  that  the 
greater  number  of  his  additions  to  the  British  list 
are  confined  to  the  more  obscure  groups. 

Meanwhile  some  members  of  the  dredging  com- 
mittee and  their  friends  who  had  time  and  means 
at  their  disposal  pushed  their  operations  farther 
a-field,  and  did  good  service  on  foreign  shores.  In 
1850,  Mr.  MacAndrew  published  many  valuable  notes 
on  the  lusitanian  and  mediterranean  faunae ;  and 
in  1856,  at  the  request  of  the  biological  section  of 
the  British  Association,  he  submitted  to  the  Chel- 
tenham meeting  a  general  "report  on  the  marine 
testaceous  moUusca  of  the  North-east  Atlantic  and 
neighbouring  seas,  and  the  physical  conditions  affect- 
ing their  development."  The  field  of  these  arduous 
labours  extended  from  the  Canary  Islands  to  the 
North  Cape,  over  about  43  degrees  of  latitude,  and 
many  species  are  recorded  by  him  as  having  been 
dredged  at  depths  between  160  and  200  fathoms  off 
the  coast  of  Norway.  Subsequently,  Mr.  Gwyn 
Jeffreys  went  over  some  of  tiie  same  ground,  and 
made  many  additions  to  the  lists  of  his  predecessors. 

Nor  were  our  neighbours  idle.  In  Scandinavia 
a  brilliant  triumvirate— Loven  of  Stockholm,  Steen- 
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strup  of  Copenhagen,  and  Michael  Sars  of  Chris- 
tiania — were  making  perpetual  advances  in  the 
knowledge  of  marine  zoology.  Milne-Edwards  was 
illustrating  the  fauna  of  the  coast  of  France,  and 
Philippi,  Grube,  Oscar  Schmidt,  and  others  w^ere 
continuing  in  the  Mediterranean  and  the  Adriatic 
the  work  so  well  begun  by  Donati,  Olivi,  Risso, 
Delle  Chiage,  Poli,  and  Cantraine;  while  Deshayes 
and  Lacaze  Duthiers  illustrated  the  fauna  of  the 
coast  of  Algeria.  So  much  progress  had  already 
been  made  at  home  and  abroad,  that  in  the  year 
1854  Edward  Eorbes  considered  that  the  time  had 
arrived  for  giving  to  the  public,  at  all  events  a  pre- 
liminary sketch  of  the  fauna  of  the  European  seas 
— a  work  which  he  commenced,  but  did  not  live  to 
finish. 

I  need  scarcely  say  that  these  operations  of  the 
British  Associaticm  dredging  committees  were  carried 
on  generally  under  the  idea  that  at  the  100-fathom 
line,  by  which  amateur  work  was  i)ractically  limited, 
they  approached  the  zero  of  animal  life — a  notion 
which  was  destined  to  be  gradually  undermined  and 
finally  completely  overthrown.  From  time  to  time, 
however,  there  were  not  wanting  men  of  great  skill 
and  experience  to  maintain,  with  Sir  James  Clark 
lloss,  that  "  from  however  great  a  depth  we  may  be 
enabled  to  bring  up  the  mud  and  stones  of  the  bed 
of  the  ocean,  we  shall  find  them  teeming  with  animal 
life."  From  the  very  general  prevalence  of  the 
negative  view  there  was  little  to  stinmlate  to  the 
investigation  of  the  bottom  at  great  depths,  and  data 
gathered  very  slowly. 

I   have  already   referred   (p.   18  et   infra)  to  the 
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observations  of  Sir  John  Ross  in  1818,  of  Sir 
James  Ross  in  18 tO,  and  of  ]\rr.  ITarrv  Goodsir 
in  1845.  In  the  year  1814  Professor  Loven  con- 
tributed  a  paper,  "  on  tlie  bathymctrioal  distribu- 
tion of  submarine  life  on  the  northern  shores  of 
Scandinavia,"  to  the  British  Association.  lie  savs, 
•*  With  us  the  region  of  doep-sea  corals  is  cliaracter- 
ized  in  the  south  by  OciiUna  ramea  and  Terehratula, 
and  in  the  north  by  Astroiyhyton,  CUhn^is,  Spatangvs 
purpu7'etis  o(  an  immense  size,  all  living;  besides  Gor- 
gonice  and  tlie  gigantic  Alcyoninm  arhoreum^  which 
continues  as  far  down  as  any  fisherman's  line  can  be 
sunk.  As  to  the  point  Avhere  animal  life  ceases,  it 
must  be  somewhere,  but  with  us  it  is  unknown."^ 

In  1863  the  same  naturalist,  referring  to  the 
result  of  the  Swedish  Spitzbergen  expedition  of 
1861,  when  mollusca,  Crustacea,  and  hydrozoa  Avere 
brought  up  from  a  depth  of  1,400  fathoms,  expresses 
the  remarkable  opinion,  which  later  investigations 
appear  generally  to  support,  that  at  great  depths, 
wherever  the  bottom  is  suitable,  *'  a  fauna  of  the 
same  general  character  extends  from  pole  to  polo 
through  all  degrees  of  latitude,  some  of  the  species 
of  the  fauna  being  very  widely  distributed."  - 

In  1846  Keferstein  mentions  having  seen  in  Stock- 
holm a  whole  collection  of  invertel)rate  animals — 
Crustacea,  phascolosoma,  annelids,  spatangus,  myrio- 
trochus,  sponges,  bryozoa,  rhizopoda,  &c. — taken  at 
a  depth  of  1,400  fathoms  during  O.  Torell's  Spitz- 

^  Eeport  of  the  FourteonUi  Meeting  of  tbo  British  Association,  held 
at  York  in  September  1844.     (Transactions  of  the  Sections,  p.  50.) 

^  Forh.  ved  de  Skand.  Xaturforskeres  Mode  i  Stockholm,  18(53, 
p  384. 
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bergen  expedition  in  the  *  Maclean  nets/  and  in 
the  same  year  O.  Torell  alludes  to  one  of  the  crus- 
taceans from  that  depth  being  of  a  bright  colour.^ 

In  1846  Captain  Spratt,  ll.N.,  dredged  at  a  depth 
of  310  fathoms  forty  miles  east  of  Malta  a  number 
of  mollusca  which  have  been  subsequently  examined 
by  Mr.  Gwyn  JeflPreys  and  found  to  be  identical  with 
species  dredged  at  considerable  depths  in  the  north- 
em  seas  during  the  '  Porcupine  *  expedition.  The 
list  includes  Leda  pelluciday  Philippi  ;  Leda  acu- 
minata^ Jeffreys;  Dentalium  agile^  Sars;  Hela 
tenella,  Jeffreys  ;  Eulima  stenosto^na,  Jeffreys  ; 
Trophon  barvicenaisy  Johnston  ;  Pleurotoma  cari- 
natunij  Bivona  ;  and  Philine  quadrata,  S.  V.  Wood. 
Captain  Spratt  observes  that  he  "  believed  animal 
life  to  exist  much  lower,  although  the  general 
character  of  the  iEgean  is  to  limit  it  to  300 
fathoms.''  ^ 

In  1850  Michael  Sars,  in  an  account  of  a  zoolo- 
gical excursion  in  Finland  and  Loffoten,  expressed 
his  conviction  that  there  is  a  full  development  of 
animal  life  at  considerable  depths  ofiF  the  Norwegian 
coast.  He  enumerated  nineteen  species  taken  by 
himself  at  depths  beyond  300  fathoms,  and  pointed 
out  that  two  of  these  were  the  largest  species 
known  of  their  respective  genera.^ 

^  Xachrichteii  der  Konigl.  Gefiellsch.  der  Wissensch.  zu  Gottingen. 
MarzlStG. 

2  On  the  Influence  of  Temperature  upon  the  Distribution  of  the 
Fauna  in  the  /Egean  Sea.  Report  of  the  Eighteenth  Meeting  of  the 
British  Association,  1848. 

^  Beretning  om  en  i  Sommeren,  1849,  foreiagen  zoologisk  Beise  i 
Lofoten  og  Finmarken.     Christiania,  1850. 
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I  have  referred  likewise  (p.  26)  to  Professor 
Fleeming  Jenkin's  notes  on  the  living  animals 
attached  to  the  Mediterranean  cable  at  a  depth  of 
1,200  fathoms,  and  to  the  results  of  Dr.  Wallich's 
special  investigations  on  hoard  H.M.S.  *  Bull-dog.' 

In  a  general  review  of  the  progress  of  knowledge  as 
to  the  conditions  of  life  at  great  depths,  these  investi- 
gations deserve  special  notice,  as,  even  if  they  must 
still  be  regarded  as  somewhat  unsatisfactory,  they 
distinctly  mark  a  stage  in  advance.  Although,  from 
the  imperfection  of  the  means  at  his  disposal,  Dr. 
Wallich  could  not  bring  home  evidence  sufficient 
absolutely  to  satisfy  others,  he  w  as  convinced  in  liis 
own  mind  from  what  he  saw,  that  living  beings  high 
in  the  scale  of  organization  might  exist  at  any  depth 
in  the  ocean;  he  expounded  clearly  and  forcibly 
the  train  of  reasoning  which  led  him  to  this  belief, 
and  subsequent  events  have  amply  justified  his  con- 
clusion. The  space  at  my  disposal  will  not  allow 
me  to  quote  and  discuss  Dr.  Wallich's  arguments,  in 
some  of  which  I  thoroughly  concur,  while  from 
others  I  am  compelled  to  dissent.  The  facts  w^ere 
most  important,  and  their  significance  increases  now 
that  they  are  fully  confirmed  and  illustrated  by  ope- 
rations on  a  large  scale.  In  lat.  59°  2T  N.,  long. 
26"  41'  W.,  a  depth  of  1,260  fathoms  having  been 
previously  ascertained,  "  a  new  kind  of  deep-sea  dredge 
was  lowered ;  but  in  consequence  of  its  partial  failure, 
a  second  apparatus  (namely,  the  conical  cup)  was  em- 
ployed, fifty  fathoms  of  line  in  excess  of  the  recorded 
depth  being  paid  out  in  order  to  ensure  the  unchecked 
descent  and  impact  of  the  instrument  at  the  bottom. 
The  dredge  had  already  brought  up  a  small  quantity 
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of  unusually  fine  glohijjerina  deposit  and  some  small 
stones.  The  second  instrument  came  up  quite  full  of 
the  deposit ;  but  it  was  neither  so  free  from  amorphous 
matter,  nor  did  it  contain  anv  of  the  small  stones. 
Adhering,  however,  to  the  last  fifty  fathoms  of  line, 
which  had  rested  on  the  ground  for  several  moments, 
were  thirteen  ophiocoma^,  varying  in  diameter  across 
the  arms  from  two  to  five  inches/'  The  misfortune 
of  these  star-fishes  was  that  they  did  not  go  into  the 
dredge ;  had  they  done  so,  they  would  at  once  have 
achieved  immortality.  Now,  of  course,  we  have  no 
doubt  that  they  came  from  the  bottom,  but  their 
irregular  mode  of  appearance  left,  in  the  condition 
of  knowledge  and  prejudice  at  the  time,  a  loophole 
for  scepticism. 

In  three  soundings,  including  that  in  which  the 
star-fishes  were  obtained,  at  1,260,  1,913,  and  1,268 
fathoms  respectively,  "  minute  cylindrical  tubes  oc- 
curred, varying  from  one-eighth  to  half  an  inch  in 
length,  and  from  one-fiftieth  to  one-twentieth  of  an 
inch  in  diameter.  These  were  built  up  almost  ex- 
clusively of  very  small  globigerina  shells,  and  still 
more  minute  calcareous  debris  cemented  together." 
.  .  .  .  *'The  shells  forming  the  outer  layer  of  the 
tubes  were  colourless,  and  freed  of  all  sarcodic 
matter;  but  the  internal  surface  of  the  tubular 
cylinder  was  lined  with  a  delicate  yet  distinct  layer 
of  reddish  chitine."  Dr.  AVallich  is  satisfied  that 
these  tubes  contained  some  species  of  annelid.  "  In 
a  sounding  taken  in  lat.  63°  SV  N.,  long.  13°  45'  W., 
in  682  fathoms,  a  portion  of  a  serpnla-tubQ  five- 
twelfths  of  an  inch  in  length,  and  about  three- 
sixteenths  of  an  inch  in  diameter,  belonging  to  a 
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known  species,  came  up  in  such  a  condition  as  to 
leave  no  room  for  doubt  that  it  had  been  broken 
off  the  rock  or  stone  to  which  it  was  adherent  by 
the  sounding-machine,  and  that  the  animal  was 
living ;  whilst  a  smaller  Serpnla  and  a  cluster  of 
apparently  living  polyzoa  were  adherent  to  its  ex- 
ternal surface.  A  minute  Spirorbis  also  occurred  in 
this  sounding.  Lastly,  from  a  dei)th  of  415  fathoms, 
within  a  short  distance  of  the  south  coast  of  Iceland, 
a  couple  of  living  amphipod  crustaceans  WTre  ob- 
tained, and  a  iilamcntous  annelid  about  three-quarters 
of  an  inch  in  length."  Basing  his  opinion  principally 
upon  these  facts.  Dr.  Wallich,  in  conclusion,  submits 
several  propositions,  the  two  most  important  of  which 
may  be  said  to  anticipate  the  more  remarkable  results 
of  our  subsequent  w^ork.  As  the  others  are  merely 
founded  upon  what  I  conceive  to  be  a  mistaken 
determination  of  the  animal  species  captured,  I  need 
not  now  quote  thcm.^ 

"  1.  The  conditions  prevailing  at  great  depths, 
although  differing  materially  from  those  which  pre- 
vail at  the  surface  of  the  ocean,  are  not  incompatible 
with  the  maintenance  of  animal  life. 

'•  5.  The  discovery  of  even  a  single  species,  living 
normally  at  great  depths,  warrants  the  inference  that 
the  deep  sea  has  its  own  special  fauna,  and  that  it  has 
always  had  it  in  ages  past ;  and  hence  that  many 
fossiliferous  strata  heretofore  reiirarded  as  havini]^  been 

^  And  see  Professor  Sars'  "  Bemaerkiiinger  over  Jet  d^^risko  Livs 
Udbredning  i  Ilavets  Dybder,  med  soerligt  llensyu  til  et  af  Dr. 
Wallich  i  London  nylig  udkoniiiiet  Skiift,  *  The  North  Atlantic  Sea- 
bed.' "     (Vid.-Selsk.  Forhandlinger  for  18i>4.) 
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deposited  in  comparatively  shallow  water,  have  been 
deposited  at  great  depths."^ 

In  1864,  Professor  Sars  made  a  great  addition  to 
his  list  of  species  from  depths  of  from  200  to  300 
fathoms  off  the  coast  of  Norway.  lie  remarks  : — 
**  The  species  of  animals  named  are  not  certainly  very 
numerous  (92),  yet  when  wx»  consider  that  most  of 
them  were  taken  accident  all  v,  attached  to  the  lines 
of  the  fishermen,  and  that  only  in  a  few  instances  the 
dredge  was  used  at  these  great  depths,  it  will  be  seen 
that  there  is  a  very  interesting  field  here  for  the 
Naturalist  furnished  with  tlie  proper  instruments." 

In  1868  Piofessor  Sars  made  a  still  further  addi- 
tion to  the  deep-sea  fauna  of  the  Norwegian  Seas ; 
an  addition  so  important,  that  he  remarks  **that  it 
is  so  great  as  to  give  a  tolerably  complete  idea  of 
the  general  fauna  of  these  coasts.''  This  increase  of 
knowledge.  Professor  Sars  states,  is  almost  entirely 
due  to  the  indefatigable  labours  of  his  son,  G.  O. 
Sars,  an  Inspector  of  Fisheries  under  the  Swedish 
Government,  who  took  advantage  of  the  opportuni- 
ties given  l}y  his  occupation  to  dredge  down  to  450 
fathoms  on  some  parts  of  the  coast,  and  among  the 
LofToten  Islands.  Sars  likewise  acknowledges  many 
contributions  from  his  old  fellow-labourers,  Danielssen 
and  Keren.  Tlie  number  of  species  from  depths  be- 
tween 250  and  150  fathoms  on  the  coast  of  Norway 
now  reaches  427,  thus  distributed  : — 

r  Rhizopoda OS 

Protozoa i  t>    •!» 

I  Poriiera o 

'   Xortli  Atlantic  Sea  bed,  p.  151. 
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Ccelenterata .     .     . 


{Hydrozoa 
Anthozoa 


Kchinodermata 


{Crinoidea 
Asteridea,  including  Ophiuridea 
Echinoidea 
Holothuridea 


Vermes 


r  Gephyrea    . 
\  Annelida    . 


Species. 

2 

20 

—     22 
2 

21 


5 


—     36 


G 
51 


57 


Mollusca 


Arthro])oda  .     .     .     . 


Polyzoa .     . 

Tunicata     . 

Brachiopoda 

Conchifera  . 

Ceplialophor.i 

(  Araclmida  . 
(  Crustacea    . 


35 

4 

4 

37 

53 

—  133 
1 

105 
—  106 


.Of  these  24  protozoa,  3  echinoderms,  and  13  mol- 
lusca are  from  a  depth  of  450  fathoms.  Professor 
Sars  adds  :  "  We  may  say,  according  to  our  present 
information,  that  the  true  deep -water  belt  commences 
at  about  100  fathoms.  The  greater  number  of  deep- 
sea  species  begin  to  appear  then,  though  sparingly, 
and  they  increase  in  number  of  individuals  as  we 
descend  to  300  fathoms,  or  in  some  cases  to  450, 
when  investigations  have  been  carried  so  far.  To 
what  depth  this  l)elt  extends,  or  whether  there  is 
another  below  it  of  a  different  character,  is  not  yet 
known."  ^ 

In  the  year  1864,  M.  Barboza  du  Bocage,  Director 

'  Fortsatte  Bemajrkninger  over  det  dyrske  Tiivs  Udbredning  i 
Havets  Dybder,  af  M.  Sars.  (Vidensk.-Selsk.  Forhandlinger  for 
1868.) 
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of  the  Natural  History  Museum  of  Lisbon,  greatly 
surprised  the  zoological  world  by  a  notice  of  the 
occurrence  on  the  coast  of  Portugal  of  whisps  of 
silicious  spicules  resembling  those  of  the  Hya- 
lonema  of  Japan.*  They  were  brought  up  by  the 
Setubal  shark-fishers,  who,  it  seemed — an  equally  sin- 
gular circumstance — plied  their  vocation  at  a  depth 
of  500  fathoms.  Professor  Perceval  AVright,  anxious 
to  ascertain  the  full  historv  of  tlie  case  and  to 
get  Hyalonema  in  a  fresh  state,  went  to  Lisbon 
in  the  autumn  of  1868,  and  with  the  assistance  of 
Professor  du  Bocage  and  some  of  his  friends  procured 
at  Setubal  an  open  boat  and  a  crew  of  eight  men, 
with  "  600  fathoms  of  rope,  the  dredge,  lots  of  hooks 
and  bait,  and  provisions  for  a  couple  of  days.  Leav- 
ing the  port  of  Setubal  a  little  before  five  o'clock  in 
the  evening,  we,  after  a  fair  night's  sailing,  reached 
what  the  fishermen  signed  to  me  to  be  the  edge  of 
the  deep-sea  valley,  w  here  they  were  in  the  habit 
of  fishing  for  sharks,  and  there,  wiiile  thus  engaged, 
they  had  found  the  Hyalonema.  It  was  now  about 
five  o'clock  in  the  morning ;  and  the  men,  having  had 
their  breakfast,  put  the  boat  up  to  the  wind,  and  let 
down  the  dredge  ;  before  it  reached  the  bottom,  about 
480  fathoms  of  rope  were  run  out,  some  thirty  more 
were  allowed  for  slack,  and  then  we  gently  drew  it — 
by  hoisting  a  small  foresail — for  the  distance  of  about 
a  mile  along  the  bottom.  It  required  the  united 
efforts  of  six  men,  hauling  the  line  hand  over  hand, 
with  the  assistance  of  a  double  pulley -block,  to  pull 
in  the  dredge :  the  time  thus  occupied  was  just  an 

^  Proceedings  of  the  Zoological  Society  of  London  for  the  Year 
1864,  p.  265. 
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hour.  The  dredge  was  nearly  full  of  a  tenacious 
yellowish  mud,  through  which  sparkled  innumerable 
long  spicules  of  the  Ilyalonema ;  indeed,  if  you  drew 
your  fingers  slowly  through  the  mud,  you  would 
thereby  gather  a  handful  of  these  spicules.  One 
specimen  of  Uyalonema,  with  the  long  spicules  in- 
serted into  the  mud  and  crowned  with  its  expanded 
sponge-like  portions,  rewarded  my  first  attempt  at 
dredging  at  such  a  depth."  ^  This  dredging  is  of 
especial  interest,  for  it  shows  that  although  difficult 
and  laborious,  and  attended  with  a  certain  amount  of 
risk,  it  is  not  impossible  in  an  open  boat  and  with  a 
crew  of  alien  fishermen,  to  test  the  nature  of  the 
bottom  and  the  character  of  the  fauna,  even  to  the 
great  depth  of  500  fathoms. 

In  the  year  1868,  Count  L.  F.  de  Pourtales,  one. 
of  the  officers  employed  in  the  United  States  Coast 
Survey  under  Professor  Pierce,  commenced  a  series  of 
deep  dredgings  across  the  gulf-stream  off  the  coast  of 
Florida ;  which  were  continued  in  the  following  year, 
and  were  productive  of  most  valuable  results.  Many 
important  memoirs  at  the  hands  of  Count  Pourtales, 
Mr.  Alexander  Agassiz,  Mr.  Theodore  Lyman  and 
others,  have  since  enriched  the  pages  of  the  Bulletin  of 
the  Museum  of  Comparative  Zoology,  and  have  greatly 
extended  our  knowledge  of  the  deep-sea  gulf-stream 
fauna ;  and  much  information  has  been  gained  as  to 
the  nature  of  the  bottom  in  those  regions,  and  the 
changes  which  are  there  taking  place.  Unfortunately 
a  large  part  of  the  collections  were  in  Chicago  in  the 

^  Notes  on  Deep-sea  Dredging,  by  Edward  Perceval  Wright,  M.D., 
F.L.S.,  from  the  Annals  and  ^fagazine  of  Natural  History  for 
December  1868. 
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hands  of  Dr.  Stiinpson  for  description  at  the  time 
of  the  terrible  catastrophe  which  laid  a  great  part 
of  that  city  in  ashes,  and  were  destroyed ;  but,  by 
a  singularly  fortunate  accident,  our  colleague  Mr. 
Gwyn  Jeflfreys  happened  to  be  in  Chicago  shortly 
before  the  fire,  and  Dr.  Stimpson  gave  him  a  series 
of  duplicates  of  the  mollusca  for  comparison  with 
the  species  dredged  in  the  *  Porcupine,'  and  a  valu- 
able remnant  was  thus  saved.  M.  de  Pourtales, 
writing  to  one  of  the  editors  of  Silliman's  Journal 
on  the  20th  of  September,  1868,  says :  ''  The  dredg- 
ings  were  made  outside  the  Florida  reef,  at  the 
same  time  as  the  deep-sea  soundings,  in  lines  ex- 
tending from  the  reef  to  a  depth  of  about  400  to 
500  fathoms,  so  as  to  develop  the  figure  of  the 
bottom,  its  formation  and  fauna.  Six  such  lines 
were  sounded  out  and  dredged  over  in  the  space 
comprised  between  Sandy  Bay  and  Coffin's  Patches. 
All  of  til  em  agree  nearly  in  the  following  particu- 
lars :  from  the  reef  to  about  the  100-fathom  line, 
four  or  five  miles  off,  the  bottom  consists  chiefly 
of  broken  shells  and  very  few  corals,  and  is  rather 
barren  of  life.  A  second  region  extends  from  the 
neighbourhood  of  the  100-fathom  line  to  about  300 
fathoms;  the  slope  is  very  gradual,  particularly 
between  100  and  200  fathoms ;  the  bottom  is  rocky, 
and  is  inhabited  by  quite  a  rich  fauna.  The  breadth 
of  this  band  varies  from  ten  to  twenty  miles.  The 
third  region  begins  between  250  and  300  fathoms, 
and  is  the  great  bed  of  foraminifera  so  widely  ex- 
tended over  the  bottom  of  the  ocean 

"Prom  the  third  region  the  dredges  brought  up 
fewer   though   not   less   interesting    specimens,    the 
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chief  of  which  was  a  new  crinoid  belonging  to  the 
genus  Bourgiielticnnus  of  D'Orbigny  ;  it  may  even 
be  the  species  named  by  him  B.  holessieriy  which 
occurs  fossil  in  a  recent  formation  in  Guadaloupe, 
but  of  which  only  small  pieces  of  the  stem  are 
known.  I  obtained  half-a-dozen  specimens  between 
230  and  300  fathoms,  unfortunately  more  or  less 
injured  by  the  dredge.  The  deepest  cast  made  was 
in  517  fathoms;  it  gave  a  very  handsome  Ifopsea 
and  some  annelids."  ^ 

The  results  of  the  *  Lightning '  cruise  in  1868,  in 
which  dredging  was  successfully  carried  down  to 
650  fathoms,  have  already  been  recorded. 

In  the  summer  of  1870,  Mr.  Marshall  Hall,  F.G.S., 
with  an  interest  in  science  which  is  unfortunately 
rare  among  yachtsmen,  devoted  his  yaclit  '  Noma ' 
to  deep-sea  dredging  work  during  a  cruise  along 
the  coast  of  Portugal  and  Spain.  If  we  may  judge 
by  several  preliminary  sketches  which  have  from 
time  to  time  appeared  at  the  liands  of  Mr.  Saville 
Kent,  the  collections  made  during  this  expedition 
must  have  been  extensive  and  valuable.^ 

The  last  researches  in  order  of  time  are  those  con- 
ducted on  board  H.M.S.  'Porcupine'  in  1869  and 
1870.  AVith  the  use  of  a  Government  surveying 
ship  well  found  in  all  necessary  appliances  every- 
thing was  in  our  favour,  and,  as  has  been  already 
told,  dredging  was  carried  down  to  2,435  fathoms; 

^  American  Journal  of  Science,  vol.  xcvi.  p.  413. 

-  Zoological  llesults  of  the  1S70  Dredging  Expedition  of  the  Yacht 
*Norna'  off  the  coast  of  Spain  and  Portugal,  communicated  to  the 
Biological  Section  of  the  British  Association,  Edinburgh,  August  ^, 
1871.     Xature,  vol.  iv.  p.  450. 
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and  the  fact  that  there  is  an  ahundant  and  charac- 
teristic invertebrate  fauna  at  all  depths  was  placed 
beyond  further  question.  As  yet,  little  more  can  be 
said.  A  grand  new  field  of  inquiry  has  been  opened 
up,  but  its  culture  is  terribly  laborious.  Every  haul 
of  the  dredge  brings  to  light  new  and  unfamiliar 
forms — forms  which  link  themselves  strangely  witli 
the  inhabitants  of  past  periods  in  the  earth's  history ; 
but  as  yet  we  have  not  the  data  for  generalizing  the 
deep-sea  fauna,  and  speculating  on  its  geological 
and  biological  relations ;  for  notwithstanding  all  our 
strength  and  will,  the  area  of  the  bottom  of  the 
deep  sea  which  has  been  fairly  dredged  may  still 
be  reclvoned  by  the  square  yard. 
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APPENDIX  A. 

Oiie  of  the  iJredtjing  PajXTS  issued  hij  the  British  Association 
Commiltcr,  filed  np  hy  Mr.  ^farAndrell\ 

DREDGING  PAPEK   No.  :.. 

//i/e.— 7th  of  June,  1S41). 

Locality. — Off  Malta. 

Ikpth. — 40  fatlumis. 

Distance  from  Shore. —  I  U>  2  miles. 

(ttoiukI.-  Sand  and  stones. 

liffjiou. 


SpecieB  obtuint'*!. 


No.  of  living 
spcciiiu'118. 


\n.  of  (loa<l 
siKM'inn'iis. 


Olisorvations. 


Dentalium  dental  is    .... 
,,  ruhescens,  or  tissura 


>y 


tarentinura,  var.  (?) 


Cjecum  trachea 

i  Ditnipa  coarctiita,  or  stninfru-  / 
lata s 


» 


79  71  If 

Corbnla  nucleus 

Nejem  cuspidata 

,,      costulata 

Pandora  obtusa 

Psammobia  ferroensis    .     .     . 
TelHna  distorta 

balaustina 

serrata  

depressa 

Syndosmya  tennis/  (prisniatica  ?) 
Venus  ovata 


Numerous 


Sevend. 


Several. 


:i 


1  and  valves. 

2  and  valve.**. 

Valves. 
1  and  valves. 

1  nnd  valves. 

1  valve. 

Valves. 

Valves. 


i  Striated  with  an 
•  undulated  aj)- 
(      pearance. 


\  With   a    notched 
I      apex. 
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Si)efii«  obtained. 


Xtv  of  liviiijr 

bpecilllfUH. 


No.  ofik'nil 
Ki»er.iiiK'ii!*. 


Olwn'ations. 


Astarte  incrassiita  ?     .     . 


Cardiiim  papillosum  .     .     . 

1 

„        nunimnin    .     .     . 

1 

,.         hi'vi^tiim  .     .     . 

.  . 

Valve. 

Cardita  s<^uainosa .... 

.   1          5 

Lucina  spiiiifera    .... 

•   i 

Diplodontii  rotundata     .     . 

I 

1  valve. 

Modiola  barbata    .... 

1 

Nucula  nucleus     .... 

.  !     Seveml. 

Leda  emarginata  .... 

3 

„     striata 

4 

Area  tetragona 

8 

„     anti<iuata      .... 

.    ' 

1  valve. 

Pectunculus  glycimeris  .     . 

1  and  valves. 

Liuia  subauriculata    .     .     . 

.'   '           .  . 

Valves. 

Pecten  jacobfeus    .... 

•                            •  ■  • 

Valves. 

„     gibbus    

1 

Valves. 

„      polyinorphus   .     .     . 

•                            ... 

Valves. 

„      testiv 

.    1            1 

„      similis 

. 

Valves. 

,,     sulcatus       .... 

. 

1  and  I  valves 

Anoiuia  patelliforniis      .     . 

1 

Pileopsis  hungaricus  .     .     . 

.    ,           . 

1 

Bulla  lignaria 

^ 

1 

„      cninchii 

. 

•> 

„      hydatis 

4 

,,      striatula 

1 

Rissoa  bniguieri    .... 

. 

3 

„      carina ta  (costata;.     . 

. 

•7 

„      acuta,  var 

. 

5 

„      desniarestii      .     .     . 

1 
1 

i                    1 

4 

'»              jj               ... 
Natica  niacilenta  .... 

0 

Eulinia  polita 

•                                       •    •    • 

1 

„      distortsi     .... 

•                                      •    I   • 

1 

Chemnitzia  varicosa  .     .     . 

•                                       •        • 

4 

!           „           clegantissinia    . 

1 

•                                       •   •    • 

4 

„          indistincta(.')    . 

•                                •  •  « 

1 

2 
3 

Euliniolla  acicula  .... 

1       ' 

1  Trochus  tenuis,  or  dubius   . 

. 

I 

ml\iy,\\i^ 

Several,    i 

!         „       ni<mtagui      .     .     . 

•                       •  •  • 

1 

I 


Sulfated  to  the 
margin,  .some  of 
them  nidiated. 


r  lionger,  destitute 
of     ribs,     <me 
(      very  large. 

\  Like    cimex,  but 
t      minute. 


Imi)erfect. 
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species  obtained. 


I 


Trochus  montagiii 

Turritella  terebra  .     . 

„         tricostalis  . 
Cerithum  vulgatum,  var 

„  retreulatum 

Fusus  muricatus    .     . 


>» 


)> 


Pleurotoma  nanum     . 
„  secalinuui 

Murex  tetrapterus     . 
Chenopus  j)es-pelecani 
Buccinum  L     .     .     . 
Mitraebenea    .     .     . 


» 


>? 


Ringicula  auriculata  . 

Marginella  sccalina  . 
„  clandestma 

Cypra'a  pulcx  .     .     . 

Cidaris  histrix  .  .  . 
i  Zoophytes  .... 
I  Alga} 


No.  of  living  ■      No.  of  dead 


KIweinien.M. 


si)OCiiuens. 


Observations. 


1 

Several. 

1 

1 

Several,      i 

Few. 

•  •  • 

Small. 

I 

1 

Several. 

2 

White. 

1 

1 

I  This     specie.s     at  ; 
j      GibralUir. 

1 

1 

•> 

1 

1 

1 

^  Bright        orange  j 

1 

•    ■    • 

"  <       colour,  banded, 
(      siuall,  striated 

... 

2 

3 

4 

Several. 

Several. 

1 

1 

•  •  • 

2 

3 

1 
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Ocean  Carrents  and  their  general  Effects  on  Climate. — Determination 
of  Surface  Temperatures. — Deep-sea  Thermometers. — The  ordinary 
Self-registering  Thermometer  on  Six's  principle. — The  Miller- 
Casella  modification. — The  Temperature  Observations  taken  during 
the  Three  Cruises  of  H.M.S.  *  Porcupine  '  in  the  year  1869,  etc. 

Appendix  A. — Surface  Temperatures  observed  on  board  11.  M.S. 
'Porcupine'  during  the  Summers  of  1869  and  1870. 

Appendix  B. — Temperature  of  the  Sea  at  different  Depths  near  tlie 
Eastern  Margin  of  the  North  Atlantic  Basin,  as  ascertained  by 
Serial  and  by  Bottom  Soundings. 

Appendix  C. — Comparative  liates  of  Reduction  of  Temperature  with 
Increase  of  Depth  at  Three  Stations  in  different  Latitudes,  all  of 
them  on  the  Eastern  Margin  of  the  Atlantic  Basin. 

Appendix  D. — Temperature  of  the  Sea  at  different  Depths  in  the 
Warm  and  Cold  Areas  lying  between  the  North  of  Scotland, 
the  Shetland  Islands,  and  the  Fc'eroe  Islands ;  as  ascertained  by 
Serial  and  by  Bottom  Soundings. 

Appendix  E. — Intermediate  Bottom  Temperatures  showing  the  Inter- 
mixture of  Warm  and  Cold  Currents  on  the  Borders  of  the 
Warm  and  Cold  Areas. 

If  the  surface  of  this  world  of  ours  were  one 
uniform  shell  of  dry  land,  other  circumstances  of 
its  central  heat,  its  relation  in  position  to  the  sun, 
and  to  its  investing  atmospheric  envelope,  remaining 
the  same,  some  zones  would  present  certain  pecu- 
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liarities  in  temperature,  owing  to  the  mixture  of 
hot  and  cold  currents  of  air ;  but  in  the  main,  iso- 
thermal lines,  that  is  to  say,  lines  drawn  through 
places  having  the  same  mean  temperature,  w^ould 
coincide  with  parallels  of  latitude.  A  glance  at  any 
isothermal  chart,  whether  for  the  whole  year,  for 
summer,  for  winter,  or  for  a  single  month,  will  show 
that  this  is  far  from  being  the  case.  The  lines  of 
equal  temperature  deviate  everywhere,  and  often 
most  wddely,  from  their  normal  parallelism  with  the 
parallels  of  latitude  and  with  each  other.  A  glance 
at  the  same  chart  will  also  show,  that  while  there 
is  an  attempt,  as  it  were,  on  the  part  of  the  iso- 
thermal lines  to  maintain  their  normal  direction 
through  the  centre  of  great  continents,  the  most 
marked  curves,  indicating  the  widest  extensions  of 
uniform  conditions  of  temperature,  are  where  there 
is  a  wide  stretch  of  open  sea  extending  through 
many  degrees  of  latitude,  and  consequently  includ- 
ing very  different  climatal  conditions. 

The  lands  bordering  upon  the  ocean  partake  in 
this  general  diflPusion  of  heat  and  amelioration  of 
climate,  and  hence  we  have  the  difference  between 
continental  and  insular  climates — the  former  giving 
extremes  of  summer  heat  and  winter  cold,  and  the 
latter  a  much  more  uniform  temperature,  somewhat 
below  the  normal  temperature  within  the  tropics, 
and  usually  greatly  above  it  beyond  their  limits. 

The  islands  of  Ireland  and  Great  Britain  and  the 
west  coast  of  the  Scandinavian  peninsula  are  in- 
volved in  tlie  most  extreme  system  of  abnormal 
curves  which  we  have  in  any  of  the  ocean  basins : 
and  to  this  peculiarity  in  the  distribution  of  tem- 
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perature  in  the  North  Atlantic  we  are  indebted  for 
the  singular  mildness  of  our  winter  climate.  The 
chart  PL  VII.,  the  general  result  reduced  from  many 
hundreds  of  thousands  of  individual  observations, 
gives  the  distribution  of  the  lines  of  equal  mean 
temperature  for  the  surface  of  the  North  Atlantic 
for  the  month  of  July ;  and  it  will  be  seen  that 
the  isotherms,  instead  of  passing  directly  across  the 
ocean,  form  a  series  of  loops  widening  and  flatten- 
ing northwards,  all  participating  in  certain  secondary 
deflections  which  give  them  a  scalloped  appearance, 
but  all  of  them  primarily  referred  to  some  common 
cause  of  the  distribution  of  heat,  having  its  origin 
somewhere  in  the  region  of  tlie  Straits  of  Florida. 

These  peculiarities  in  the  distribution  of  tempera- 
ture on  the  surface  of  the  sea  may  usually  be  very 
immediately  traced  to  the  movement  of  bodies  of 
water  to  and  from  regions  where  the  water  is  exposed 
to  different  climatal  conditions; — to  warm  or  cold 
ocean  currents,  which  make  themselves  manifest  like- 
wise by  their  transporting  power,  their  effect  in 
speeding  or  retarding  vessels,  or  diverting  them  from 
their  courses.  Frequently,  however,  the  current, 
although  possibly  involving  the  movement  of  a  vast 
mass  of  water,  and  exerting  a  powerful  influence 
upon  climate,  is  so  slow  as  to  be  imperceptible ;  its 
steady  onward  progress  being  continually  masked 
by  local  or  variable  currents,  or  by  the  drift  of  the 
prevailing  winds. 

The  Gulf-stream,  the  vast  *warm  river'  of  the 
North  Atlantic,  which  produces  the  most  remark- 
able and  valuable  deviations  of  the  isothermal  lines 
which  we  meet  with  in  any  part  of  the  world,  is  in 
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this  way  imperceptible  by  any  direct  effect  upon 
navigation  beyond  the  45th  parallel  of  north  latitude, 
a  peculiarity  which  has  produced  and  still  produces 
great  misconceptions  as  to  its  real  character. 

The  mode  of  determining  the  surface  temperature 
of  the  ocean  is  sufficiently  simple.  A  bucket  is 
let  down  from  the  deck  of  the  vessel,  dashed  about 
for  a  little  in  the  water  to  equalize  the  temperature, 
and  filled  from  a  depth  of  a  foot  or  so  below  the  sur- 
face. The  temperature  of  the  water  in  the  bucket  is 
then  taken  by  an  ordinary  thermometer,  wliose  error 
is  known.  A  common  thermometer  of  the  Kew 
Observatory  pattern  graduated  to  rahrenheit  degrees 
can  be  read  with  a  little  practice  to  a  quarter  of  a 
degree,  and  a  good-sized  centigrade  thermometer  to 
a  tenth.  Observations  of  surface-temperature  are 
usually  made  every  two  liours,  the  temperature  of 
the  air  being  taken  with  each  observation,  and  the 
latitude  imd  longitude  noted  at  noon,  or  more  fre- 
quently by  dead  reckoning  if  required. 

Every  observation  of  the  surface-temperature  of 
the  sea  taken  accurately  and  accompanied  by  an 
equally  exact  note  of  tlic  date,  the  geographical 
position,  and  the  temperature  of  the  air,  is  of  value. 
The  surface  observations  taken  from  IT.M.S.  '  Por- 
cupine' during  her  dredging  cruise,  in  the  summer 
of  1809,  are  given  in  Appendix  A. 

The  surface-temperature  of  the  North  Atlantic  has 
been  the  subject  of  almost  an  infinite  number  of  such 
observations,  more  or  less  accurate.  Dr.  Petermann, 
in  a  valuable  paper  on  the  northern  extension  of 
the  Gulf-stream,  reduces  the  means  of  more  than  a 
hundred  thousand  of  these,  and  deduces  the  scheme 
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of  curves  which  has  been  used  with   some  slight 
modification  in  the  construction  of  this  chart. 

Until  very  recently  little  or  nothing  has  been 
known  with  any  certainty  about  the  temperature  of 
the  sea  at  depths  below  the  surface.  This  is,  however, 
a  field  of  inquiry  of  very  great  importance  in  Physical 
Geography,  as  an  accurate  determination  of  the  tem- 
perature at  different  depths  is  certainly  the  best, 
frequently  the  only  available  means  of  determining 
the  depth,  width,  direction,  and  generally  the  path  of 
the  warm  ocean  currents,  which  are  the  chief  agents 
in  the  diffusion  of  equatorial  heat ;  and  more  espe- 
cially of  those  deeper  indraughts  of  frigid  water 
which  return  to  supply  their  place  and  to  com- 
plete the  general  cycle  of  oceanic  circulation.  The 
main  cause  of  this  want  of  accurate  knowledge  of 
deep-sea  temperatures  is  undoubtedly  the  defective- 
ness of  the  instruments  which  have  been  hitherto 
employed. 

The  thermometer  which  has  been  almost  universally 
used  for  this  purpose  is  the  ordinary  self-registering 
thermometer  on  Six's  construction,  enclosed  in  a 
strong  copper  case,  with  valves  or  apertures  below 
and  above  to  allow  a  free  current  of  water  to  pass 
through  the  case  and  over  the  surface  of  the 
instrument.  Six's  registering  thermometer  (i'ig.  53) 
consists  of  a  glass  tube  bent  in  the  form  of  a  V, 
one  limb  terminating  in  a  large  cylindrical  bulb, 
entirely  filled  with  a  mixture  of  creosote  and  water. 
The  bend  of  the  tube  contains  a  column  of  mercury, 
and  the  other  limb  ends  in  a  small  bulb  partially 
filled  with  creosote  and  water,  but  with  a  large 
space  empty,  or  rather  containing  the  vapour  of  the 
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liquid  and  slightly  compressed  air.  A  small  steel 
index,  with  a  hair  tied  round  it  to  act  as  a  spring 
and  maintain  the  index  in  any  position  which  it 
may  assume,  lies  free  in  the  tube  among  the  creo- 
sote at  either  end  of  the  column  of  mercury.  This 
thermometer  gives  its  indications  solely  by  the  con- 
traction and  expansion  of  the  liquid  in  the  large  full 
bulb,  and  is  consequently  liable  to  some  slight  error 
from  the  eflfect  of  variations  of  temperature  upon 
the  liquids  in  other  parts  of  the  tube.  When  the 
liquid  in  the  large  bulb  expands,  the  column  of  mer- 
cury is  driven  upwards  towards  the  half-empty  bulb, 
and  the  limb  of  the  tube  in  which  it  rises  is  graduated 
from  below  upwards  for  increasing  heat.  When  the 
liquid  contracts  in  the  bulb,  the  column  of  mercury 
falls  in  this  limb,  but  rises  in  the  limb  terminating  in 
the  full  bulb,  which  is  graduated  from  above  down- 
wards. When  the  thermometer  is  going  to  be  used  the 
steel  indices  are  drawn  down  in  each  limb  of  the  tube 
by  a  strong  magnet,  till  they  rest  on  each  side  on 
the  surface  of  the  mercury.  When  the  thermometer 
is  brought  up,  the  height  at  which  the  lower  end  of 
the  index  stands  in  each  tube  indicates  the  limit  to 
which  the  index  has  been  driven  by  the  mercury, 
the  extreme  of  heat  or  cold  to  which  the  instrument 
has  been  exposed. 

Unfortunately,  the  accuracy  of  the  ordinary  Six's 
thermometer  cannot  be  depended  upon  beyond  a 
very  limited  depth,  for  the  glass  of  the  bulb  which 
contains  the  expanding  fluid  yields  to  the  pressure 
of  the  water,  and,  compressing  the  contained  fluid, 
gives  an  indication  higher  than  is  due  to  tem- 
perature   alone.     This    cause    of   error   is  not  con- 
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stant  in  its  action,  as  the  amount  to  which  the 
bulb  is  compressed  depends  upon  its  form  and  upon 
the  thickness  and  quality  of  the  glass;  thus  the 
error  of  good  thermometers  of  the  Ilydrograpliic 
Office  pattern  varies  from  7°  C.  to  lO^'-S  C.  at  a  pres- 
sure of  6*817  lbs.  on  the  square  inch,  representing 
a  depth  of  2,500  fathoms.  In  thoroughly  well- 
constructed  thermometers,  however,  such  as  those 
made  by  Casella  and  Pastorelli  for  the  English 
Admiralty,  the  pressure  error  is  tolerably  constant ; 
and  Captain  Davis,  R.N.,  who  has  lately  conducted 
important  experiments  on  this  point,  expresses  his 
opinion  that  by  an  extended  series  of  observations 
a  scale  might  be  obtained  to  correct  the  ther- 
mometers hitherto  in  use  to  a  close  approximation 
to  the  truth,  and  thus  utilize  to  some  extent  obser- 
vations which  have  been  already  made  with  our 
ordinary  instruments. 

In  the  *  Lightning'  expedition  in  1868  we  used 
the  ordinary  llydrographic  Office  pattern,  and  a 
large  number  by  different  makers  were  sent  with 
us  for  testing  and  comparison.  The  depths  not 
being  very  great,  the  general  temperature  results 
came  out  well,  and  were  among  the  most  singular 
phenomena  which  we  had  to  record.  Many  of  the  in- 
struments were  very  wild  at  a  few  hundred  fathoms, 
and  several  gave  way  under  the  pressure.  On  our 
return  in  April  1869,  Dr.  W.  A.  Miller,  V.P.R.S., 
attended  a  meeting  of  the  Deep-Sea  Committee  of 
the  Royal  Society  at  the  Hydrographic  Office, 
and  proposed  encasing  the  full  bulb  in  an  outer 
covering  of  glass  containing  air,  in  order  to  permit 
the  air  to   be   compressed  by  the  pressure   of    the 
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water  on  the  outer   shell,  and  thus   protet^ting  the 
bulb  within. 

Mr.  Casella  was  directed  to  construct  some  ther- 
mometers on  this  i)lan,  only  instead  of 
being  filled  with  air,  the  outer  shell 
was  nearly  filled  with  alcohol  warmed 
to  expel  a  portion  of  the  remaining 
air,  and  the  chamber  was  then  her- 
metically sealed,  leaving  a  bell  of  air 
and  vapour  of  alcohol  to  yield  to  the 
pressure  and  relieve  the  bulb  within. 
The  '  Miller  -  Casella  '  thermometer 
proved  so  nearly  perfection  that  it  was 
decided  to  adopt  it  in  future,  and  to 
use  it  as  a  standard  in  a  series  of 
experiments  which  were  undertaken 
to  test  the  ordinary  Six's  thermo- 
meters of  the  Hydrographic  Office 
pattern.  "We  depended  upon  this 
thermometer  alone  in  our  subsequent 
cruises  in  the  '  Porcupine,'  and  we 
found  it  most  satisfactoi-y.  During  the 
summer  of  18G9  temperature  observa- 
tions were  taken  at  upwards  of  ninety 
stations,  at  depths  varying  from  10  to 
2,435  fathoms.  Two  thermometers,  "^!-^MruZ.,ZM'm 
numbered   100    and    103   respectively,      iVrtiig"i.m<™«ur: 

I  •"The  Urge   tnilh    <« 

were  sent  down  at  every  station,  and  nt1"Birt'Md%''£'u 
in  no  instance  did  they  give  the  least  th^rtXyti^A""" 
reason  to  doubt  their  accuracy.  Every 
observation  was  taken  by  Captain  Calver  himself, 
the  lead  with  the  thermometers  attached  being  in 
every  single  instance  let  down  by  his  own  hand, 
V  2 
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and  I  have  always  regarded  it  as  a  remarkable 
evidence  of  my  friend's  care  and  skill  that  he 
landed  those  two  precious  instruments  at  the  end 
of  the  year  safe  back  at  Woolwich. 

Fig.  53  represents  the  latest  im- 
provements on  the  Miller-Casella 
modification  of  Six's  self- registering 
thermometer.  The  instrument  is  of 
small  size,  to  reduce  as  far  as  pos- 
sible the  friction  in  passing  through 
the  water.  The  tub©  is  mounted  in 
ebonite,  to  avoid  the  expansion  of  a 
wooden  mounting  in  the  water,  by 
which  the  instrument  is  liable  to 
)  get  jammed  in  the  case.  The  scale 
is  of  white  porcelain,  graduated  to 
Fahrenheit  degrees;  the  large  bulb 
is  enclosed  in  an  outer  shell  three- 
fourths  filled  with  alcohol  and  her- 
metically sealed.  It  is  right  to 
mention  that  I  am  informed  by 
Sir  Edward  Sabine  that  the  ther- 
'  mometers  used  by  Sir  John  Ross 
^  in  his  Arctic  voyage  in  1818  were 
■"  protected  somewhat  on  the  same 
principle,  and  that  a  thermometer 
for  resisting  pressure  was  constructed  imder  the 
directions  of  the  late  Admiral  Fitzroy,  at  the 
suggestion  of  Mr.  Glaisher,  which  differed  from 
the  Miller-Casella  pattern  in  little  else  than  the 
outer  shell  being  partially  filled  with  mercury 
instead  of  alcohol,  and  in  being  somewhat  less 
compact  and  more  fragile  than  the  latter  instru- 
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ment.^  A  modification  of  Phillip's  maximum  ther- 
mometer devised  by  Sir  William  Thomson,  in  which 
the  thermometer  is  entirely  encased  in  an  outer 
shell  of  glass  partly  filled  with  alcohol,  appears  to 
have  the  smallest  error  of  all. 

A  neat  modification  of  Breguet's  metallic  ther- 
mometer was  designed  by  Joseph  Saxton,  Esq.,  of 
the  U.S.  Office  of  Weights  and  Measures,  for  the 
use  of  the  U.S.  Coast  Survey.  A  riband  of 
platinum  and  one  of  silver  are  soldered  with  silver 
solder  to  an  intermediate  plate  of  gold,  and  the 
compound  riband  is  coiled  round  a  central  axis  of 
brass,  with  the  silver  within.  Silver  is  the  most 
expansible  of  the  metals  under  the  influence  of 
heat,  and  platinum  nearly  the  least.  Gold  holds  an 
intermediate  place,  and  its  intervention  between  the 
platinum  and  silver  moderates  the  strain,  and  pre- 
vents the  coil  from  cracking.  The  lower  end  of 
the  coil  is  fixed  to  the  brazen  axis,  while  the  upper 

1  In  Messrs.  Negretti  and  Zambra's  list  of  meteorological  instruments 
published  in  1864,  a  deep-sea  thermometer  on  this  plan  is  mentioned 
(p.  90) :  "  The  thermometers  constructed  for  this  purpose  do  not  differ 
materially  from  those  usually  made  under  the  denomination  of  Six's 
thermometers,  except  in  the  following  most  important  particulars : — 
The  usual  Six's  thermometers  have  a  central  reservoir  or  cylinder 
containing  alcohol ;  this  reservoir,  which  is  the  only  portion  of  the 
instrument  likely  to  be  affected  by  pressure,  has  been,  in  Negretti  and 
Zambra's  new  instrument,  superseded  by  a  strong  outer  cylinder  of 
glass,  containing  mercury  and  rarefied  air.  By  this  means  the  portion 
of  the  instrument  susceptible  of  compression  has  been  so  strengthened, 
that  no  amount  of  pressure  can  possibly  make  the  instrument  vary." 
Some  obscurity  is  introduced  into  this  passage  by  the  use  of  the  word 
'superseded;'  but  I  am  assured  by  Messrs.  Negretti  and  Zambra  that 
in  principle  this  instrument  was  exactly  the  same  as  that  devised  by 
Professor  Miller  and  constructed  by  Mr.  Casella. 
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end  is  attached  to  the  base  of  a  short  cylinder. 
Any  variation  of  temperature  causes  the  coil  to 
wind  or  unwind,  and  its  motion  acts  to  rotate  the 
axial  stem.  This  motion  is  magnified  by  multiply- 
ing wheels,  and  is  registered  upon  the  dial  of  the 
instrument  by  an  index  which  pushes  before  it  a 
registering  hand,  moving  with  sufficient  friction 
merely  to  retain  its  place  when  thrust  forward  by 
the  index  hand  of  the  thermometer.  The  instru- 
ment is  graduated  by  trial.  The  brass  and  silver 
portions  are  thickly  gilt  by  the  electrotype  process 
to  prevent  the  action  of  sea-water  upon  them.  The 
box  which  covers  the  coil  and  indicatory  part  of  the 
thermometer  is  merely  to  protect  it  from  accidental 
injury,  and  is  open  so  as  to  permit  the  free  passage 
of  the  sea- water.  This  instrument  appears  to  answer 
tolerably  well  for  moderate  depths,  its  error  up  to 
600  fathoms  not  greatly  exceeding  0°o  C. ;  at  1,500 
fathoms,  however,  the  error  rises  to  6°C.,  quite  as 
great  as  that  of  the  unprotected  Six's  thermometers, 
and  the  error  is  not  so  constant.  It  is  evident 
that  under  great  pressure  little  confidence  can  be 
placed  upon  instruments  which  give  their  indica- 
tions through  metal  machinery. 

Before  H.M.S.  *  Porcupine  '  started  on  her  summer 
cruise  in  1869,  a  valuable  series  of  experiments  were 
made  upon  the  effect  of  pressure  on  various  register- 
ing thermometers  at  Woolwich,  under  the  superin- 
tendence of  the  Hydrographer  and  of  the  Deep-Sea 
Clommittee  of  the  Royal  Society.  The  object  was  to 
subject  all  the  forms  of  deep-sea  thermometers  in  use 
to  pressures  in  a  hydraulic  press,  equivalent  to  the 
pressures  which  they  would  encounter  at   different 
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depths  in  the  ocean,  to  determine  the  amount  and 
sources  of  error,  to  ascertain  which  was  the  most 
satisfactory  instrument,  and  if  possible  to  construct 
a  scale  by  which  the  observations  hitherto  taken 
with  ordinary  instruments  might  be  roughly  cor- 
rected, so  as  to  be  made  available.  As  there  was 
some  difficulty  in  getting  the  use  of  a  suitable  press, 
Mr.  Casella  undertook  to  have  a  testing  apparatus 
constructed  at  his  own  place  in  Hatton  Garden, 
capable  of  producing  a  pressure  of  three  tons  on 
the  square  inch. 

The  results  were  very  interesting.^  The  first  expe- 
riment went  to  test  the  value  of  the  various  instru- 
ments. A  Miller- Casella  thermometer  was  placed  in 
the  cylinder  with  No.  57,  a  good  thermometer  by 
Casella,  of  the  ordinary  Hydrographic  Office  pattern, 
and  they  were  subjected  together  to  a  pressure  of 
4,032  lbs.,  equal  to  1,480  fathoms,  with  the  following 
result : — 


Thcrmoineter. 

Minitiium. 

1 

1 

Maxiinuni.                1 

1 

Difference  of 
Maxiuium. 

Before. 

After. 

Before. 

After.        1 

1 

8'-  85  C. 

12-75     i 

1 
1 

2 
57 

8^-  G  C. 
8-  6 

8^-  6  C. 
8-G 

8°-  6  C. 
8-  6 

0^-  25  C. 
4-  15 

That  is  to  say,  the  temperature  remaining  the  same, 
the  pressure  forced  up  No.  57  to  12°* 75  C,  and  left  its 
index  there. 

1  On  Deep  Sea  Thermometers,  by  Captain  J.  E.  Davis,  E.N.  Nature, 
vol.  iii.  p.  124.  Abridged  from  a  Paper  read  before  the  Meteorolo- 
gical Society,  April  19  th,  1871. 
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This  experiment  at  once  proved  the  advantage  of 
the  encased  bulb.  It  was  repeated  with  other  ther- 
mometers with  the  same  pressure  and  for  the  same 
period  of  time,  and  it  was  found  that  while  the  mean 
difference  of  the  encased  bulbs  was  only  0°'95,  that  of 
the  ordinary  deep-sea  thermometers  was,  as  in  No.  57, 
7°*25.  It  follows,  also,  from  these  experiments,  that 
very  nearly  all  the  difference  or  error  is  due  to  pres- 
sure on  the  full  bulb,  and  that  by  encasing  that  bulb 
we  have  a  nearly  perfect  instrument. 

The  next  series  of  experiments  was  made  to  esta- 
blish a  scale  by  which  observations  by  the  ordinary 
instruments  might  be  approximately  corrected  for 
pressure.  The  following  table  gives  the  errors  of 
six  thermometers  at  different  pressures.  The 
*  standard '  is  an  encased  Miller-CaseUa,  the  last 
a  registering  minimum  thermometer  by  Casella 
enclosed  in  a  hermetically  sealed  glass  tube  on  Sir 
William  Thomson's  plan. 


PreRsure 

in 
FHthuius. 

standard. 

No.  54. 

No.  66. 

No.  76. 

No.  73. 

ThoiDHon. 

250 

O'"  4  C. 

0°-  8  C. 

1-  0  c. 

O*-  7  C. 

0**-  8  C. 

0°-  0  c. 

500 

0 

•4 

1- 

•7 

1' 

•5 

1 

4 

1 

•7 

0 

■05 

750 

0 

"7 

2 

2 

2 

2 

2 

3 

2 

5 

0- 

0 

1,000 
1,250 
1,500 

0 
0 
0 

•8 
•9 

•8 

2' 

3 

4' 

9 
5 
3 

2 
3 
4 

•9 

■5 

3 

2 
3 
4 

'7 

•5 

0 

2 
4 
4 

•7 
•1 
•3 

0 

0" 

0- 

•2 
05 
3 

1,750 
2,000 
2,250 

0- 

1 

1 

95 

1 
1 

4- 
5- 
6' 

6 
4 
2 

4' 

5 

6 

9 
•5 

■0 

4- 

5 

6 

7 

3 

•0 

5- 

6 

6' 

7 
4 

8 

0- 
0' 
0 

2 
3 

•4 

2,500 

1  -2 

7    2 

6-7 

6-5 

7-6 

0-2 

The  mean  difference  for  each  250  fathoms  in  each 
thermometer  is  as  follows  : — 
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Thermometer. 


Standard 
54  .  . 
56  .  . 
76  .  . 
73  .  . 
Thomson 


Difference. 

4- 

O'^ 

•12C. 

+ 

0- 

•72 

4- 

0" 

67 

+ 

0 

•65 

4- 

0 

'76 

+ 

0 

•03 

During  these  experiments  the  water  in  the  cylin- 
der was  of  course  maintained  as  far  as  possible  at 
the  same — or  at  a  known  temperature;  a  certain 
amount  of  calorific  effect  must,  however,  be  pro- 
duced by  the  sudden  compression  of  the  water,  and 
the  next  series  of  experiments  was  performed  in 
order  to  determine  the  amount  of  that  effect.  Three 
of  Phillips's  encased  maximum  thermometers  (Sir 
William  Thomson's  design),  being  entirely  protected 
from  any  effect  from  compression,  were  employed  for 
this  purpose,  with  the  following  result : — 

Pressure,  6,817  lbs.  =  2,500  fathoms. 


Thermometer. 

Differenco. 

11,424 

9,649 

9,645 

+  0'-05C. 
+  0-22 
+  0-11 

So  that  this  source  of  error  is  absolutely  trifling. 

The  true  error  of  the  Miller-Casella  thermometer, 
as  deduced  from  these  observations,  is — 


For  250  fathoms  0''-079  C. 
For  2,500  fathoms  0'-79  C. 
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This,  therefore,  may  be  regarded  as  a  perfect  instru- 
ment for  all  ordinary  purposes. 

A  number  of  the  instruments  which  had  been 
previously  tested  in  the  press  were  sent  out  in  the 
*  Porcupine'  on  her  summer  cruise  in  1869,  and  on 
her  return  the  results  of  Captain  Calver's  observa- 
tions at  different  depths  in  the  ocean  were  carefully 
compared  with  the  effects  of  equivalent  pressures  ap- 
plied to  the  thermometers  in  Mr.  Casella's  *  Bramah's 
press.'  The  result  in  the  ocean,  contrary  to  that  in 
the  hydraulic  press,  proves  that  the  elasticity  is  not 
regular  or  in  a  ratio  to  the  pressure,  but  that  after 
continuing  regular  up  to  a  pressure  of  1,000  fathoms, 
it  decreases  in  a  compound  ratio  to  a  pressure  of 
2,000  fathoms,  when  its  elasticity  nearly  ceases. 

The  following  table  gives  an  abstract  of  the 
behaviour  of  Casella's  ordinary  Hydrographic  Office 
thermometers  in  the  ocean  and  in  the  press : — 


T'roasiii'A 

Error. 

PkR  250  FATHOM& 

Press. 

Ocean. 

Press. 

OceniL 

Fathoms. 

250 

0' 

•  72G  C. 

0' 

738  C. 

0^- 

726  C. 

o** 

•  738  C. 

500 

1  • 

548 

1- 

5G4 

0- 

774 

0 

•782 

750 

2- 

123 

2- 

223 

0 

708 

0- 

741 

1,000 

2- 

474 

3 

015 

0- 

674 

0 

754 

1,250 

3 

•255 

3 

492 

0 

651 

0' 

•698 

1,500 

4 

•  107 

3 

■921 

0 

•684 

0 

•653 

1,750 

4 

•555 

4 

•056 

0 

•650 

0' 

•579 

2,000 

5 

•354 

4 

•284 

0 

•669 

0 

•536 

2,250 

6 

■021 

0- 

669 

2,500 

6-817 

1 

1 

0 

•682 

For  taking  bottom  temperatures  at  great  depths 
two  or  more  of  the  Millcr-Casella  thermometers  are 
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lashed  to  the  sounding-line  at  a  little  distance  from 
one  another,  a  few  feet  above  the  attaching  ring  of 
a  *  detaching'  sounding  instrument.  The  lead  is 
run  down  rapidly,  and,  after  the  weight  has  been 
disengaged  by  contact  with  the  ground,  an  interval 
of  five  or  ten  minutes  is  allowed  to  elapse  before 
liauling  in.  The  shorter  of  these  periods  seems  to 
be  quite  sufficient  to  insure  the  instrument  acquiring 
the  true  temperature.  In  taking  serial  temperature 
soundings — that  is  to  say,  in  determining  the  tem- 
perature  at  certain  intervals  of  depth  in  deep  water 
— the  thermometers  are  attached  above  an  ordinary 
deep-sea  lead,  the  required  quantity  of  line  for  each 
observation  of  the  series  run  out,  and  the  ther- 
mometers and  lead  are  hove  in  each  time.  This  is 
a  very  tedious  process ;  one  serial  sounding  in  the 
Bay  of  Biscay,  where  the  depth  was  850  fathoms 
and  the  temperature  was  taken  at  every  fifty 
fathoms,  occupied  a  whole  day. 

I  ought  to  mention  that  in  taking  the  bottom 
temperature  with  the  Six's  thermometer  the  instru- 
ment simply  indicates  the  lowest  temperature  to 
which  it  has  been  subjected ;  so  that  if  the  bottom 
water  were  warmer  than  any  other  stratum  through 
which  the  thermometer  had  passed,  the  observation 
would  be  erroneous.  This  is  only  to  be  tested  by 
serial  soundings,  but  in  every  locality  where  the 
temperature  was  observed  during  the  *  Porcupine ' 
expeditions  the  temperature  gradually  sank,  some- 
times very  steadily,  sometimes  irregularly,  from  the 
surface  to  the  bottom,  the  bottom  water  having  been 
constantly  the  coldest.  It  is  probable  that  under 
certain  conditions  in  the  Polar  seas,  where  the  sur- 
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face  is  sometimes  subjected  to  intense  cold,  warmer 
water  may  be  found  below,  until  the  balance  is 
restored  by  convection.  This  I  believe,  however,  to 
be  entirely  exceptional ;  and  it  may  certainly  be 
taken  as  the  rule  for  all  latitudes  that  if  we  dis- 
regard the  film  which  is  affected  by  diurnal  altera- 
tions, the  temperature  sinks  from  the  surface  to  the 
bottom. 

The  first  important  series  of  deep-water  tempera- 
ture observations  was  made  during  the  Arctic  voyage 
under  Sir  John  Ross  in  the  year  1818.  On  Sept.  the 
Ist,  lat.  73°  37'  N.,  long.  77'  26'  W.,  the  temperature 
at  the  surface  being  1°'3  C,  the  registering  thermo- 
meter gave  at  eighty  fathoms  0"*  C,  and  at  250 
fathoms  —  V'^  C.  On  the  6th  of  September,  lat. 
72"  23'  N.,  long.  73'  07'  W.,  the  first  serial  sounding 
on  record  was  taken,  the  thermometer  having  been  let 
down  to  600,  600,  700,  800,  and  1,000  fathoms  in 
succession,  the  thermometer  showing  each  time  a 
lower  temperature  and  indicating  at  the  greatest 
depth  named  a  temperature  of  —  3°'6  C.  On  the 
19th  of  September,  in  lat.  66°  60'  N.,  long.  60°  30' 
W.,  another  serial  sounding  was  taken,  the  tempera- 
ture being  registered  at  100  fathoms  —  0°'9  C,  at 
200  -r-7  C,  at  400  -2°-2  C,  and  at  660  fathoms 
-3°-6  C.  On  the  4th  of  October,  lat.  61°  41'  N., 
long.  62°  16'  W.,  Sir  John  Ross  sounded,  but  found 
no  ground  in  950  fathoms ;  at  the  same  time  the 
self-registering  thermometer  was  sent  down,  and  the 
temperature  of  the  sea  at  that  depth  was  found  to 
be  2°  C,  while  at  the  surface  it  was  4°  C,  and  the  air 
at  2°'7  0.  I  am  informed  by  General  Sir  Edward 
Sabine,  who  accompanied  Sir  John  Ross's  expedition, 
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that  these  observations  were  made  with  registering 
thermometers  guarded  somewhat  in  the  same  way 
as  those  which  we  employed  in  the  *  Porcupine.' 
There  is  almost  sufficient  internal  evidence  that  the 
mode  of  protecting  these  thermometers  must  have 
been  satisfactory,  for  the  temperatures  at  the  greatest 
depths  are  such  as  might  have  been  expected  from 
Miller-Casella  thermometers.  Unguarded  instru- 
ments would  certainly  have  given  higher  indica- 
tions. 

The  last  of  the  observations  quoted,  a  considerable 
way  up  Davis'  Strait,  is  of  great  interest.  The  tem- 
perature of  the  surface  of  the  sea  was  nearly  a 
degree  and  a  half  Centigrade  above  that  of  the  air, 
and  the  temperature  of  the  water  was  altogether 
unusually  high.  It  is  now  well  known  that  at 
certain  seasons  of  the  year  a  very  marked  extension 
of  the  Gulf-stream  passes  into  the  mouth  of  the 
Strait.  The  isotherms  for  September  and  July  are 
shown  on  the  chart  from  data  kindly  procured  for 
me  by  Mr.  Keith  Johnston. 

Sir  Edward  Sabine,  in  an  extract  from  his  pri- 
vate Journal  of  Sir  John  Ross's  voyage  quoted  by 
Dr.  Carpenter,^  gives  a  lower  temperature  than  any 
hitherto  recorded.  He  says  :  "  Having  sounded  on 
September  19th,  1818,  in  750  fathoms,  the  regis- 
tering thermometer  was  sent  down  to  680  fathoms, 
and  on  coming  up  the  index  of  greatest  cold  was  * 
at  25°-75  Fahrenheit  (  — 3°5  C),  never  having  known 
it  lower  than  28°  (  — 2°'2  C.)  in  former  instances,  even 
at  a  depth  of  1,000  fathoms;   and  at   other  times 

1  Dr.  Carpenter's  Preliminary  Eeport  on  Deep- Sea  Dredgings.  Pro- 
ceedings of  the  Royal  Society  of  London,  voL  xvii.  p.  186. 
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when  close  to  the  bottom,  I  was  very  careful  in 
examining  the  thermometer,  but  could  discover  no 
other  reason  for  it  than  the  actual  coldness  of  the 
water.'* 

Notwithstanding  these  observations  and  several 
others  telling  in  the  same  direction, — such  as  those 
of  Lieutenant  Lee  of  the  U.S.  Coast  Survey,  who 
in  August  1847  found  a  temperature  of  2°-7  C.  below 
the  Gulf-stream,  at  the  depth  of  1,000  fathoms, 
in  lat.  35°  26'  N.,  and  long.  73°  12'  W. ;  and  of 
Lieutenant  Dayman,  who  found  the  temperature 
at  1,000  fathoms,  in  lat.  51°  N.  and  long.  40°  W. 
to  be  0°'4C.,  the  surface  temperature  being  12°*5  C, 
the  impression  seems  to  have  prevailed  among 
physicists  and  physical  geographers  that  salt  water 
followed  the  same  law  as  fresh  water,  attaining  its 
greatest  density  at  a  temperature  of  4°  C.  The 
necessary  result  of  this  condition,  were  it  to  exist, 
is  thus  stated  by  Sir  John  Herschel :  "In  very 
deep  water  all  over  the  globe  a  uniform  temperature 
of  39°  Fahrenheit  (4°  C.)  is  found  to  prevail ;  while 
above  the  level  where  that  temperature  is  first 
reached,  the  ocean  may  be  considered  as  divided 
into  three  great  regions  or  zones — an  equatorial  and 
two  polar.  In  the  former  of  these  warmer,  and  in 
the  latter  colder  water  is  found  on  the  surface.  The 
lines  of  demarkation  are  of  course  the  two  isotherms 
of  39°  mean  annual  temperature."  Dr.  Wallich 
gives  an  excellent  resume  of  this  curious  fallacy. 
He  says  :  "  But  whilst  the  temperature  of  the  atmo- 
sphere beyond  the  line  of  perpetual  congelation  goes 
on  gradually  increasing,  that  of  the  water  below  the 
isothermal  line    remains   constant    to    the  bottom. 
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Were  it  not  for  the  operation  of  the  law  on  wliich 
the  latter  phenomenon  depends,  the  entire  ocean 
would  long  since  have  become  solidified,  and  both 
sea  and  land  rendered  unfit  for  the  habitation  of 
living  organisms.  Unlike  other  bodies  which  ex- 
pand and  become  lighter  with  every  rise  in  tempera- 
ture, water  attains  its  maximum  density,  not  under 
the  lowest  degree  of  cold,  but  at  39°* 5  Fahrenheit; 
and  consequently  so  soon  as  the  superficial  layer 
of  sea  is  cooled  down  to  this  degree,  it  descends, 
and  allows  a  fresh  portion  to  ascend  and  be  in 
turn  cooled.  This  process  is  continued  until  the 
whole  upper  stratum  is  reduced  in  temperature  to 
39°*5,  when,  instead  of  contracting  further,  it  begins 
to  expand  and  get  lighter  than  the  water  beneath, 
floats  on  it,  becomes  further  cooled  down,  and  at 
28°'5  is  converted  into  ice.  .  .  .  Thus  under  the 
operation  of  an  apparently  exceptional  law,  the 
equilibrium  of  the  oceanic  circulation  is  maintained ; 
for  whilst  at  the  equator  the  mean  temperature  of 
the  surface  layer  of  water,  which  is  82°,  gradually 
decreases,  until  at  a  depth  of  1,200  fathoms  it  be- 
comes stationary  at  39^*5,  and  retains  that  tempera- 
ture to  the  bottom,  within  the  Polar  regions  and 
extending  to  lat.  56°  25'  in  either  hemisphere,  the 
temperature  increases  from  the  surface  downwards 
to  the  isothermal  line,  beyond  which  it  remains 
uniform  as  in  the  former  case.  Hence  in  lat.  56°  25' 
the  temperature  is  uniform  the  whole  way  from  the 
surface  to  the  bottom;  and  as  has  been  found  by 
observation  about  lat.  70°,  the  isothermal  line  occurs 
at  750  fathoms  below  the  surface."  ^ 

1  Dr.  Wallich  :  North  Atlantic  Sea-bed,  p.  OU. 
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There  can  be  no  doubt  that  this  view,  which  of 
late  years  has  received  almost  universal  acceptance, 
is  entirely  erroneous.  It  has  been  shown  by  M. 
Despretz,^  as  the  result  of  a  series  of  carefully  con- 
ducted experiments  which  have  since  been  frequently 
repeated  and  verified,  that  sea-water,  as  a  saline 
solution,  contracts  and  increases  steadily  in  density 
down  to  its  freezing-point,  which  is,  when  kept 
perfectly  still,  about  -3°-67C.  (25HF.),  and  when 
agitated  -2°-55  G. 

The  temperature  observations  of  Sir  James  Clarke 
Ross  during  his  Antarctic  voyage  in  1840-41, 
seemed  to  give  support  to  the  theory  of  a  constant 
temperature  of  4t'b  C.  for  deep  water,  but  these  obser- 
vations have  as  evidently  been  made  with  unguarded 
Instruments,  as  those  of  Sir  John  Ross  in  1818  with 
Instruments  defended  from  pressure;  and  although 
I  believe  they  must  be  taken  as  proving  that  in 
high  southern  latitudes  the  surface  temperature  is 
sometimes  lower  than  the  temperature  of  the  water 
at  a  considerable  depth  beneath,  still  the  amount  of 
correction  for  pressure  is  uncertain,  depending  upon 
the  construction  of  the  thermometers  used,  and  in 
any  case  it  must  reduce  the  diflference  considerably. 

A  large  number  of  thermometers  of  the  ordinary 
Hydrographic  OflGlce  pattern  were  sent  out  with  us, 
as  I  have  already  mentioned,  in  the  *  Lightning,* 
and  these  were  of  course  the  instruments  used  bv 
Staff-Commander  May  for  his  temperature  obser- 
vations. There  was  an  opportunity  of  testing  these 
thermometers,  however,  on  the  return  of  the  vessel, 

^  Recherches  sur  le  Maximnm  de  Density  des  Dlsdoluiions  aqneuscs. 
Log.  cit 
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SO  that  Are  arc  tolerably  certain  hy  actii:il  oxpori- 
ment  of  the  amount  of  their  error.  In  speaking 
of  the  *  Iii«;htning '  temperatures,  T  mean,  therefore, 
the  actual  temperatures  taken  by  the  ordinary  ther- 
mometers, corrected  approximately  to  tlie  standard 
of  the  Miller-Casella  thermometers,  afterwards  used 
in  the  *  Porcupine.' 

Leaving  Stornoway  in  the  *  Lightning,'  on  the 
11th  of  August,  18(58,  and  directing  our  course 
towards  the  Fi'eroe  banks,  we  sounded  in  500  fatlioms 
about  60  miles  to  the  north-west  of  tlie  Butt 
of  the  Lews,  and  took  a  bottom  temperature  of 
O"'!  Cent,  with  the  ordinary  Six's  thermometer — 
the  only  form  of  the  instrument  in  use  at  the  time. 
This,  when  corrected  for  pressure,  gives  about  7"^  8  C. 
We  were  surprised  to  find  the  temperature  so  high, 
and  we  Avere  at  the  time  inclined  to  think  that  the 
observation,  Avhich  Avas  taken  in  a  breeze  of  Avind, 
was  scarcely  to  bo  depended  upon.  Subsequent 
observations,  however,  in  the  same  locality,  con- 
firmed its  accuracy.  On  the  Fjferoe  Banks,  at  a 
depth  under  190  fathoms,  the  bottom  temperature 
averaged  9'  C,  while  that  of  the  surface  Avas  about 
12"  C.  ;  temperature  indications  on  this  bank  were, 
however,  of  little  value,  as  the  Avater  is  no  doubt 
affected  to  some  extent  through  its  entire  depth  by 
direct  solar  radiation.  The  next  observation  Avas 
in  lat.  GO"  15'  N.  and  long,  r  19'  AV.,  at  a  depth 
of  510  fatlioms,  Avith  a  bottom  temperature  of 
—  0^*5  C,  about  1  to  miles  nearly  directly  north 
of  Cape  Wrath.  Then  followed  a  series  of  sound- 
ings, Nos.  7,  8,  10,  and  11  of  the  chart  (Plate  I.), 
taken  Avhile  traversing  the  northern  portion  of  the 
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channel  between  Scotland  and  the  Fiferoe  plateau  ; 
and  giving,  respectively,  the  temperatures  of  — 1°1, 
-r-2,  -6°-7,  and  -0'-5C.  No.  9,  with  a  depth  of 
170  fathoms  and  a  temperature  of  b^  C,  is  excep- 
tional; it  is  apparently  the  top  of  a  circumscribed 
ridge  or  bank.  We  dredged  at  this  station  and  got 
large  numbers  of  the  rare  and  beautiful  Terebratula 
cranium  ;  but  when  we  tried  for  the  same  spot  in  the 
following  year  in  the  *  Porcupine,'  we  could  not  find 
it.  On  the  6th  of  September  we  sounded  and  took 
temperatures  in  lat.  SO""  36'  N.,  long.  7""  20'  W.,  in 
530  fathoms,  Miien  the  mean  of  three  thermometers, 
wliich  only  differed  from  one  another  by  about  '3 
of  a  degree,  gave  a  bottom  temperature  of  6°*1  C. 
A  temperature  sounding,  at  the  moderate  depth  of 
189  fatlioms,  was  taken  on  the  morning  of  the  7th 
September  in  lat.  59°  o  N.,  long.  7°  29'  W.,  and 
gave  a  bottom  temperature  of  9°'6  C.  The  three 
soundings,  Nos.  13,  14,  and  17,  at  the  depths  650, 
570,  and  620  fathoms,  extending  into  the  North 
Atlantic  as  far  westward  as  long.  12°  36'  W.,  gave 
a  bottom  temperature  of  5°-8,  6°'4,  and  6°*6  C, 
respectively. 

The  general  result  of  tliese  observations  we  could 
not  but  regard  a.s  very  remarkable.  The  region 
which  we  had  somewhat  imperfectly  examined  in- 
cluded, in  the  first  place,  the  channel  about  a  couple 
of  hundred  miles  in  width,  with  an  extreme  depth 
of  rather  under  600  fathoms,  extending  between  the 
northern  boundary-line  of  the  Uritish  plateau  and 
the  shoal  which  culminates  in  the  Eiifn'oe  Islands 
and  their  extensive  banks :  and  secondlv,  a  small 
portion  of  the  North  Atlantic  exti^uling  westwards 
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and  northwards  of  the  Avestern  entrance  of  the  channel. 
We  found  that  in  these  two  areas,  freely  communi- 
cating with  one  another  and  in  immediate  proximity, 
two  totally  different  conditions  of  climate  existed  at 
all  depths  below  the  immediate  surface,  where  they 
differed  hut  slij^htly.  In  the  Faeroe  channel,  at  a 
depth  of  500  fathoms,  the  bottom  temperature  aver- 
aged — 1°'0  C,  while  at  a  like  depth  in  the  Atlantic 
the  minimum  index  stood  at  +0°  C!.,  a  difference  of 
7  degi'ees  Centigrade,  nearly  13  degrees  Pahrenheit. 

The  conclusion  at  which  we  speedily  arrived  as 
the  only  feasible  explanation  of  these  phenomena 
was  that  an  arctic  stream  of  frigid  water  crept  from 
the  north-eastward  into  the  Ftferoe  channel  lying  in 
the  deeper  part  of  the  trough,  owing  to  its  higher 
specific  gravity  ;  while  a  body  of  water  warmed  even 
above  the  normal  temperature  of  the  latitude,  and 
therefore  coming  from  some  southern  source,  was 
passing  northwards  across  its  western  entrance  and 
occupying  the  whole  depth  of  that  comparatively 
shallow  portion  of  the  Atlantic  from  the  surface  to 
the  bottom. 

Several  important  facts  of  very  general  applica- 
tion in  Physical  Geography  had  been  placed  beyond 
doubt  by  these  observations.  It  had  been  shown 
that  in  nature,  as  in  the  experiments  of  M.  Despretz, 
sea-water  does  not  share  in  the  p(iculiarities  of  fresh 
water,  which,  as  has  been  long  known,  attains  its 
maximum  density  at  4^  C. ;  but,  like  most  other 
liquids,  increases  in  density  to  its  freezing-point :  and 
it  had  also  been  shown  that,  owing  to  the  movement 
of  great  bodies  of  water  at  different  temperatures 
in  different  directions,  we  may  have  in  close  proxi- 

X  2 
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mity  two  ocean  areas  with  totally  different  bottom 
climates — a  fact  which,  taken  ahmg  with  the  dis- 
covery of  abundant  animal  life  at  all  depths,  has 
most  important  bearings  upon  the  distribution  of 
marine  life,  and  upon  the  interpretation  of  palteon  to- 
logical  data. 

^  The  conditions  during  the  *  Lightning '  cruise  were 
so  unfavourable  to  careful  observation,  that  we  deter- 
mined to  take  the  earliest  opportunity  of  going  over 
this  region  again,  and  determining  the  limits  of  these 
warm  and  cold  areas,  and  investigating  their  con- 
ditions more  in  detail.  Accordingly,  in  the  follow- 
ing year,  when  we  had  H.M.S.  '  Porcupine '  at  our 
disposal.  Dr.  Carpenter  and  I  once  more  left  Storno- 
way  on  the  15th  of  August,  18G9.  On  this  occasion 
we  had  everything  in  our  favour;  the  weather  was 
beautiful,  the  vessel  suitable,  and  we  were  provided 
with  Miller- Casella  thermometers  on  whose  accuracy 
we  could  depend.  A  table  of  Captain  Calver's  valu- 
able thermometrical  observations  during  this  cruise 
is  given  in  Appendix  A  to  this  chapter. 

We  proceeded  to  very  nearly  the  same  spot  where 
we  had  taken  our  first  sounding  on  the  former  year, 
and  took  a  warm  area  temperature  of  T'l  C.  Station 
No.  46  (Plate  IV.).  We  then  moved  on  slowly 
towards  the  !P*roe  fishing  banks,  finding  in  succes- 
sion at  Stations  47,  49,  and  50,  -  6°-5,  7°-G,  and  7'-9  C. 
At  Station  51,  about  40  miles  south  of  the  bank, 
there  was  a  decided  fall  of  temperature — the  ther- 
mometer indicating  5°-6  C.  at  a  depth  of  440  fathoms ; 
and  about  20  miles  directly  northwards  a  sounding 
at  Station  52,  lat.  CO^  25'  N.,  long.  8'  10'  W.,  at  a 
depth  of  only  380  fathoms,  gave  a  minimum  tern- 
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perature  of  —  0''-8  C,  showing  that  we  had  passed 
the  boundary,  and  were  in  the  *  cold  area.' 

At  this  point  we  requested  Captain  Calver  to  take 
a  serial  sounding,  ascertaining  the  temperature  at 
depths  i)rogressively  increasing  by  50  fathoms,  which 
was  done  with  the  following  result : — 
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We  thus  ascertained  that  the  minimum  tempera-^ 
ture  was  at  the  bottom;  and  this  we  have  found  to  be 
universally  the  case  over  the  whole  of  the  area  which 
we  have  examined,  whatever  the  bottom  temperature 
mi2:ht  be.  And  we  also  ascertained  that  the  decrease 
in  heat  Irom  the  surface  downwards  was  by  no  means 
uniform,  but  that  while  after  passing  the  surface 
layer  it  was  tolerably  regular  for  the  first  200 
fathoms,  there  was  an  extraordinary  fall  amounting 
to  upwards  of  TC  from  200  to  300  fathoms,  at 
which  latter  depth  the  minimum  is  nearly  gained. 

The  next  few  observations.  Stations  53  to  59,  were 
all  within  the  limits  of  the  cold  area,  the  bottom  tem- 
perature at  dcj)ths  ranging  from  360  to  630  fathoms, 
nowhere  reaching  the  freezing-point  of  fresh  water ; 
and  at  one  point.  Station  59,  lat.  60''  2V  N.,  long. 
o"  ATl'  W.,  at  a  depth  of  580  fathoms,  the  index  stand- 
ing so  low  as  -1*^-3  C.  On  Saturday  the  21st  we  took 
a  sounding  in  187  fathoms,  on  the  edge  of  the  Fdferoe 
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plateau,  and  about  twenty  miles  north  of  the  pre- 
vious station,  with  a  temperature  of  6°'9C.,  and  so 
found  that  we  had  passed  the  limits  of  the  cold 
basin. 

Our  fibrst  two  soundings  after  leaving  Thorshavn 
(Stations  61  and  62)  were  in  shallow  water  on  the 
E*roe  Bank,  114  and  125  fathoms,  with  a  tempera- 
ture of  T'2  and  TO  C.  respectively ;  but  the  next 
Station,  No.  63,  after  a  run  of  eighty  miles,  gave 
317  fathoms  and  0°-9  C,  showing  that  we  were 
once  more  in  the  cold  region.  Erom  that  point, 
passing  in  a  south-easterly  direction  across  the 
channel  towards  the  northern  point  of  Shetland,  we 
traversed  the  cold  area  in  its  most  characteristic 
form,  finding  at  Station  64,  lat.  61°  21'  N.,  long. 
3°  44'  W.,  a  depth  of  640  fatlioms,  with  a  bottom 
temperature  of  — 1°*2  C.  Here  we  took  another 
serial  sounding,  and  its  results  corresponded  generally 
with  those  of  No.  52.  The  surface  temperature  was 
lower,  and  the  temperature  down  to  200  fathoms  some- 
what lower  ;  at  350  fathoms  it  was  a  little  higher : — 
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At  this  point,  therefore,  the  ice-cold  water  of  the 
Arctic  current  filling  up  the  bottom  of  the  trough 
is  nearly  2,000  feet  deep,  while  the  temperate  water 
above  has  nearly  an  equal  depth.  The  lower  half  of 
the  latter,  however,  has  its  temperature  considerably 
reduced  by  intermixture  and  diffusion.  Fig.  55 
represents  diagrammatically  the  general  result  of 
temperature  observations  in  the  cold  area.  The 
depth  at  the  next  Station,  No.  65,  was  354  fathoms, 
showing  that  the  channel  had  begun  to  shoal  towards 
Shetland;  the  temperature  was,  however,  still  low, 
almost  exactly  0°  C.  The  next  Station,  No.  66, 
eighteen  miles  further  on  towards  the  Shetland 
banks,  gave  a  depth  of  267  fathoms,  with  a  bottom 
temperature  of  7°*6  C,  the  temperature  at  the  surface 
being  ll°-3  C.  We  had  therefore  got  beyond  the 
edge  of  the  trough  filled  by  the  cold  stream,  and 
passed  into  lesser  depths  occupied  from  the  surface  to 
the  bottom  by  the  warm  southern  stratum. 

The  next  series  of  soundings,  Nos.  67  to  75,  are  either 
in  shallow  water  round  Shetland,  or  in  water  on  the 
shelving  edge  of  the  plateau,  not  deep  enough  to  reach 
the  frigid  stream.  It  is  of  some  interest  that  the 
two  soundings,  Nos.  68  and  69,  in  76  and  67  fathoms 
respectively,  to  the  east  of  Shetland,  show  a  bottom 
temperature  of  6°*6  C,  while  a  serial  sounding  in  the 
warm  area  at  the  western  entrance  of  the  Fseroe 
Channel  gives  for  the  same  depth  a  temperature  of 
about  8°*8  C.  This  circumstance,  along  with  others 
to  be  mentioned  hereafter,  would  seem  to  show  that 
a  considerable  indraught  of  cold  water  spreads  over 
the  bottom  of  the  shallow  north  sea. 

At  Stations  76  to  86,  which  are  along  the  southern 
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l)order  of  tlie  cold  area,  temperature  soundings  were 
taken  mainly  with  a  view  to  define  its  southern  limit, 
and  they  are  sometimes  on  one  side  and  sometimes  on 
tlie  other.  The  general  result  is  indicated  on  Plate 
IV.  by  the  southern  border  of  the  shaded  space.  Nos. 
87  to  90  are  once  more  in  the  warm  area,  the  water 
reaching  a  depth  of  upwards  of  700  fathoms,  but 
maintaining,  after  the  first  300  fathoms,  a  tempera- 
ture of  from  6°  to  T  C.  above  that  of  corresponding 
depths  in  the  cold  area.  At  Station  87,  lat.  59°  35'  N., 
long.  9''ir  W.,  with  a  depth  of  707  fathoms,  a  serial 
sounding  was  taken,  which  contrasts  remarkably 
with  the  series  at  Station  04.  The  general  result  of 
this  sounding  is  represented  diagrammatically  by 
Fig  56.  The  temperature  was  taken  at  every  100 
fathoms  after  the  first  200. 
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It  will  be  seen  by  reference  to  the  chart  that  two 
nearly  parallel  series  of  soundings  were  taken,  ex- 
tending from  the  shallow  water  on  the  Scottish  side 
to  the  edge  of  the  Faeroe  Bank  close  to  the  western 
opening  of  the  Fsferoe  Channel,  and  that  one  of  these 
chains,  including  Stations  52,  53,  61,  and  86,  are  in 
the  cold  area,  while  the  other  chain  of  Stations,  48, 
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47,  90,  49,  50,  and  51,  are  in  the  warm  area.     There 
is  no  great  difference  in  depth  between  the  two  series 
of  soundings ;  and  there  is  no  indication  of  a  ridge 
separating  them.     The  only  possible  explanation  of 
these  two   so   widely   different  submarine   climates, 
existing  apparently   under  the   same   circumstances 
and  in  close  proximity  to  one  another,  is  that  the 
Arctic  indraught  which  passes  into  the  deeper  part 
of  the  Fjjeroe  Channel  is  banked  in  at  its  entrance, 
by  the  warm  southern  stream  slowly  passing  north- 
wards.    There  is  a  slight  but  very  constant  depres- 
sion of  the  isothermal  lines  of  surface  temperature 
in  the  shallow  winter  along  the  wxst  coast  of  Britain. 
This,  I  believe,  indicates  that  a  portion  of  the  cold 
Fscroe  stream  makes  its  escape,  and,  still  banked  in 
close  to  the  land  by  the  warm  water,  gradually  makes 
its  way  southwards,  so  mixed  and  diluted  as  only  to 
be  perceptible  by  its  sliglit  effect  on  the  lines  of  mean 
temperature.     Diagrams  55  and  50  illustrate  the  dis- 
tribution of  temi)erature  in  the  cold  and  warm  areas 
respectively ;  and  in  Pig.  57,  the  results  of  the  serial 
soundings  Nos.  52,  GA,  and  87,  are  reduced  to  curves. 
Prom  these  diagrams,  taken  together,  it  will  be  seen 
that  in  the  first  50  fathoms  there  is  a  rapid  fall  of 
nearly  3°  C.     Station  No.  04  is  a  good  deal  farther 
north  than  the  other  two,  and  the  surface  tempera- 
ture is  lower,  so  that  the  fall,  wliich  is  nearly  to  the 
same  amount,  starts  from  a  lower  point.     The  surface 
temperature  is  doubtless  due  to  the  direct   heat  of 
the  sun,  and  the  first  rapid  fall  is  due  to  the  rapid 
decrease  of  this  direct  effect.    Prom  50  to  200  fathoms 
the  temperature  in  all  three  cases  falls  but  little,  re- 
maining considerably  above  the  normal  temperature 
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of  the  ocean  for  the  parallel  of  latitude.  At  a 
depth  of  200  fatlioms,  however,  the  divergence  be- 
tween tlie  curves  of  the  Avarm  and  cold  areas  is  most 
remarkable.  The  curve  of  the  Avarm  area,  No.  87, 
shows  a  fall  of  scarcely  half  a  degree  at  500  fathoms, 
and  less  tlian  one  degree  more  at  767  fathoms  at 
the  bottom.  Between  200  and  300  fathoms  the  cold 
area  curves  run  down  from  8°  C.  to  0°  C,  leaving 
only  one  degree  more  of  gradual  descent  for  the 
next  300  fathoms.  The  temperature  of  the  *  hump ' 
on  the  curves  of  the  '  cold  area '  between  50  and 
200  fathoms  corresponds  so  nearly  with  that  of  the 
long  gradual  sinking  of  the  curve  of  the  warm  area 
from  the  surface  nearly  to  the  bottom,  that  it  seems 
natural  to  trace  it  to  the  same  source.  We  there- 
fore conclude  that  a  shallow  layer  of  Gulf-stream 
water  driftinsr  slowlv  nortlnvards  overlies  in  the  cold 
area  an  indraught  of  cold  Avater  represented  by  the 
sudden  and  great  depression  of  the  curves,  w^hile  in 
the  warm  area  this  cold  indraught  is  absent,  the 
Gulf-stream  water  reaching  to  the  bottom. 

Tracing  the  '  warm  area '  southwards  from  the 
mouth  of  the  Fa?roe  Channel  along  the  coast  of  Scot- 
land, we  find  that  the  area  between  Fsferoe,  the  Lews, 
and  llockall,  is  a  kind  of  plateau  with  a  depth  of 
from  700  to  800  fathoms ;  and  we  may  be  certain  from 
analogy,  although  this  region  has  not  yet  been  actu- 
ally examined,  with  a  bottom  temperature  not  lower 
than  4'''5  C.  Commencing  opposite  llockall,  and  ex- 
tending between  the  great  shoal  w^hich  culminates 
in  the  Rockall  fishing  banks  and  the  singular  isolated 
rock,  and  the  west  coast  of  Ireland,  there  is  a  wide 
trough  deepening  gradually  southwards,  and  at  length 
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continuous  with    the   general  basin  of   the  Nortli 
Atlantic. 

The  temperature  of  this  ocean  valley  was  investi- 
gated with  great  care  during  the  first  and  second 
cruises  of  the  *  Porcupine '  in  1809,  and  the  results 
were  so  very  uniform  throughout  the  area  that  it 
wdll  be  needless  to  describe  in  detail  the  slight 
differences  in  different  localities.  These  differences, 
in  fact,  only  affected  the  surface  layer  of  the  water, 
and  depended  merely  upon  differences  of  latitude. 
The  temperatures  in  deep  water  may  be  said  to 
have  been  practically  the  same  everywhere.  The 
first  chain  of  soundings,  taken  by  Captain  Calver 
during  the  first  cruise  under  the  scientific  direction 
of  Mr.  Gwyn  Jeffreys^  Avas  between  Lough  Swilly 
and  Rockall.  The  greatest  depth,  1,380  fathoms,  is 
in  the  middle  of  the  channel,  and  a  sounding  at 
that  depth,  lat.  50'  21'  N.,  long.  IV  49'  W.,  gave 
a  bottom  temperature  of  2°-8  C.  A  depth  of  030 
fathoms.  No.  23,  a  little  to  the  south  of  Kockall, 
gave  a  temj^erature  of  0°'l  C,  almost  exactly  the 
same  as  the  temperature  of  a  like  depth  in  the  warm 
area  off  the  entrance  of  the  Fsbroe  Channel ;  and  a 
temperature  at  500  fathoms,  one  of  a  series  taken 
at  Station  21  with  a  bottom  temperature  at  1,470 
fathoms  of  2''-7  C,  was  8°*5  C,  rather  less  than  a 
degree  higher  than  the  temperature  at  a  correspond- 
ing depth  at  Station  87.  At  Station  21  the  tempera- 
ture Avas  taken  at  everv  250  fathoms. 
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AVc  lijwe  horc  on  a  large  scale,  as  Dr.  Carpenter 
has  pointed  out,  conditions  very  analogous  to  those 
which  exist  in  comparatively  shallow  water,  and  on  a 
small  scale  in  the  cold  area  in  the  Ft'eroe  Channel. 
There  is  a  surface  layer  of  ahont  50  fathoms,  super- 
heated in  Auirust  hv  direct  solar  radiation,  and,  as  we 
see  hy  the  variations  of  surface  isothermals,  varying 
srreatlvwitli  the  seasons  of  the  venr.  Xext,  Ave  have  a 
])and  extending  liere  to  a  depth  of  nearly  800  fathoms, 
in  which  tlie  thermometer  sinks  slowly  through  a 
rani2:e  of  ahout  5'C.  Then  a  zone  of  intermixture 
of  about  200  fathoms,  where  the  temperature  falls 
rapidly,  and  finally  a  mass  of  cold  water  from  a  depth 
of  1,000  fathoms  to  the  bottom,  through  which,  what- 
ever be  its  depth,  the  thermometer  falls  Jilmost  im- 
])erceptil)ly,  the  water  nev(?r  reaching  the  dead  cold 
of  the  Arctic  undercurrent  in  the  E*roe  Channel, 
and  the  lowest  temperature  being  universally  at  the 
])ottom  (Fig.  58). 

The  area  investigated  during  the  second  cruise  of 
the  *  Porcupine '  at  tlie  mouth  of  the  Bay  of  Biscay, 
about  a  couple  of  hundred  miles  west  of  Ushant, 
may  be  regardcul  as  simply  a  continuation  southwards 
of  the  tract  l)etAveen  Scotland  and  Ireland  and  the 
llockall  ridge.  As,  however,  the  depths  were  greater 
than  any  attained  on  any  former  occasion — were  so 
great,  indeed,  as  probably  to  represent  the  average 
depth  of  the  great  ocean  basins — it  may  be  well  to 
describe  tlie  methods  of  ol)servation  and  the  condi- 
tions of  teniporature  soniewlmt  in  detail. 
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The  sounding  at  Station  No.  37,  at  a  depth  of 
2,435  fathoms,  has  already  been  fully  described  as  an 
example  of  the  most  recent  method  of  determining 
extreme  depths  with  accuracy.  Two  Miller-Casella 
thermometers,  numbered  100  and  103  respectively, 
were  lashed  to  the  sounding-line  in  their  copper 
cases,  one  a  little  above  the  other,  al)out  a  fathom 
and  a  fathom  and  a  half  above  the  ^ Hydra'  sounding- 
machine.  These  tAvo  instruments  had  been  prepared 
and  tested  with  extreme  care,  and  had  been  employed 
throughout  the  first  cruise  ;  their  freezing-points  had 
been  again  verified  at  Belfast  in  case  the  enormous 
pressure  to  which  they  had  been  subjected  might 
have  affected  the  glass,  and  we  had  absolute  confidence 
in  their  indications.  The  indices  were  set  before  the 
instruments  were  let  down  at  the  temperature  of  the 
surface,  21°1  C,  and  21°15  C.  They  were  allowed  to 
remain  at  the  bottom  for  ten  minutes,  and  on  their 
return  to  the  surface  in  upwards  of  two  houi's  and  a 
half,  they  were  unanimous  in  recording  a  minimum 
of  1°'65  C,  the  slight  differences  between  the  two 
instruments,  which  gave  the  almost  inappreciable 
error  for  one  of  them  of  O'^-OoC.  at  21°  C,  being 
imperceptible  at  the  lower  temperature. 

It  had  a  strange  interest  to  see  these  two  little 
instruments,  upon  whose  construction  so  much  skilled 
labour  and  consideration  had  been  lavished,  con- 
signed to  their  long  and  hazardous  journey;  and  their 
return  eagerly  watched  for  by  a  knot  of  thoughtful 
men,  standing,  note-book  in  hand,  ready  to  register 
this  first  message,  which  should  throw  so  much  light 
upon  the  physical  conditions  of  a  hitherto  unknown 
world. 
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A  series  of  temperature  soundings,  at  depths  in- 
creasing progressively  by  250  fathoms,  was  taken  to  a 
depth  of  2,090  fathoms,  on  the  24th  of  July,  lat. 
47'  39'  N.,  long.  11^  33'  W. 
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The  same  two  Miller-Casella  thermometers  were 
employed  as  in  the  previous  observation. 

Another  serial  sounding  Avas  taken  a  few  days  late^ 
in  water  8G2  fathoms  deep,  somewhat  nearer  the  coast 
of  Ireland.  In  this  case  the  temperature  was  taken 
at  intervals  of  10  fathoms  from  the  surface  to  a 
depth  of  50  fathoms,  and  thence  at  intervals  of 
50  fathoms  to  the  bottom.  This  was  done  to  deter- 
mine exactly  the  rate  of  diminution  of  temperature, 
and  the  exact  position  of  the  most  marked  irregu- 
larities. 
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350  fatboms 
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0 

•3 

450   „ 

.   8 
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0 

•5 
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55 
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0 

'55 

GOO   „ 

7  • 

4 

„    550   „ 

0 
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'83 

„    GOO   „ 

0 
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44 
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83 
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55 
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0  • 

3 

8G2  (Bottom) 

4  • 

3 

800   „ 

1  • 

25 

The  general  result  of  these  two  series  of  soundings 
is  very  important.     The  high  temperature  reduced  hy 
T'^  C.  in  the  first  series  at  250  fathoms  is  undouhtedly 
due  to  superheating  by  direct  solar  radiation.     This 
is  shown  still  more  clearlv  in  the  second  series,  where 
nearly  4°  C.  are  seen  to  be  lost  between  the  surface  and 
30  fathoms,  and  somewhat  above  2°  C.  more  between 
30  and  100  fathoms.     From  100  to  500  fathoms  the 
temperature  is  still  high  and  tolerably  uniform,  and 
it  falls  rapidly  between  500  and  1,000  fathoms.     A 
reference  to  the  second  series  shows  that  this  rapid 
fall  is  between  (550  and  850  fathoms,  in  which  inter- 
val there  is  a  loss  of  more  than  3°  C.     This   second 
stage    of    elevated    temperature  from    250    to   700 
fathoms,  which    is   represented   graphically  by   the 
singular  *hump*  on  the  temperature  curves  in  Fig. 
61  and  Plate  VI.  would  seem  to  be  caused  by  the 
north-easterly  reflux  under  peculiar  conditions,  which 
will  be  referred  to   in   next   chapter,   of  the    great 
equatorial    current.      From    1,000    fathoms    down- 
wards, the  loss  of  temperature  goes  on  uniformly  at 
the   rate  of  about  0°'3  C.   for  every   250   fathoms. 
The  most  singular  feature  in  this  decrease  of  tem- 
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perature  for  the  last  mile  and  three-quarters  is  its 
absolute  uniformity,  which  appears  to  be  incon- 
sistent with  the  idea  of  anything  like  a  current  in 
the  ordinary  sense,  and  rather  to  point  to  a  slow 
and  general  indraught  of  cold  water,  falling  in 
chiefly  by  gravitation  from  the  coldest  and  deepest 
sources  available,  to  supply  the  place  of  the  warm 
water  constantly  moving  to  the  northward. 

In  1870,  Mr.  Gwyn  Jeffreys  took  his  first  tem- 
perature observations  at  the  mouth  of  the  Channel, 
and  found  them  to  correspond  very  closely  with 
those  of  the  previous  year ;  on  the  9th  of  July  the 
bottom  temperature  at  358  fathoms,  Station  6  PL  V., 
was  IC^OC,  against  9°'8  C,  at  about  the  same  depth 
in  a  serial  sounding  in  1869,  in  the  immediate 
neighbourhood.  The  next  few  soundings.  Stations 
10  to  13,  are  in  comparatively  shallow  water,  off  the 
coast  of  Portugal,  while  the  next  four  Stations,  a 
little  north  of  Lisbon,  may  serve  as  an  example  of 
the  temperatures  to  a  considerable  depth  in  that 
latitude*  Station  14,  469  fathoms,  with  a  surface 
temperature  of  18°'3  C,  has  a  bottom  temperature  of 
\(f'l  C. ;  Station  15,  at  722  fathoms,  a  temperature 
of  9^-7  C. ;  Station  16,  at  994  fathoms,  4°-4  C. ;  and 
Station  17,  at  1,095  fathoms,  4^-3  C.  This  result  is 
very  similar  to  that  which  we  met  with  in  1869  off 
TJshant,  With  certain  difierences,  which  seem  to  de- 
pend mainly  upon  the  difierences  of  latitude,  we  have 
the  same  phenomena — a  thin  surface-layer,  superheated 
by  the  direct  rays  of  the  sun ;  a  layer  of  warm  water 
through  which  the  temperature  descends  very  slowly 
down  to  800  fathoms ;  a  zone  of  intermixture  and 
rapid    descent    of   the  thermometer  of   nearly  200 
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fathoms  in  thickness  ;  and  finally  the  deep  cold  layer 
into  which  these  soundings  do  not  penetrate  very  far, 
through  which  the  temperature  sinks  almost  imper- 
ceptibly from  4°  C.  The  difference  between  these 
soundings  and  those  of  the  year  before  at  the  mouth 
of  the  Bay  of  Biscay  is  that  the  temperatures  at  all 
depths  are  somewhat  higher. 

I  refrain  for  the  present  from  going  into  any  detail 
with  regard  to  the  distribution  of  temperature  in  the 
Mediterranean,  further  than  to  give  a  mere  outline  of 
the  remarkable  conditions  which  were  observed  there 
by  Dr.  Carpenter. 

Dr.  Carpenter's  observations  were  principally  con- 
fined to  the  western  basin  of  the  Mediterranean,  and 
during  the  months  of  August  and  September  the 
surface  temperature  averaged  between  23°  C.  and 
26°  C.  On  two  occasions  only  the  surface  tempera- 
ture fell  considerably  lower,  and  the  fall  was  attri- 
buted in  both  cases  to  the  influence  of  the  colder 
surface  current  passing  from  the  Atlantic  through 
the  Straits  of  Gibraltar.  The  following  table  of  the 
series  taken  at  Station  53  gives  about  the  average  rate 
of  fall  of  temperature  for  the  first  100  fathoms  : — 

Surface 25"-  0  C. 

5  fathoms 24  •  5 

10       „  21-6 

20       „  16-4 

30       „  15-5 

40       „  14     1 

50       „  13-6 

100       „ 13    0 

and  Dr.  Carpenter  made  the  remarkable  observa- 
tion   that   "whatever  the  temperature  was  at  100 


Fio.  •!— IMagnni  npnimtJng  thr  nlitlon  bdtwMn  deptli  ud  Ifmmnitnn,  tnm  th«  timnMi 
■nn  otiMmlloru  Mita  betnen  C>p«  FlDMnis  Mid  Opt  Bt  VincsDt,  Augiwt  ISTO. 


;i28  THE  UKPTliS  a?  THE  SBJ.  [i:hai-.  vii. 

fathoms,  that  was  the  temperature  of  the  whole 
mass  of  water  heneath,  down  to  the  greatest  depth 
explored."  The  temperature  at  100  fathoms  varies 
very  little  from  13° C.  (55o°  Pahrenheit),  and  the 
Mediterranean  attains  in  many  places  a  depth  of  up- 
wards of  1,500  fathoms,  so  that  here  we  have  the 
strange  phenomenon  of  an  underlying  mass  of  water, 
1,400  fathoms  deep,  of  a  uniform  moderate  tempera- 
ture ;  a  state  of  things  singularly  ditferent  from  tliat 
which  obtains  at  like  depths  in  the  Atlantic.  Dr. 
Carpenter's  ingenious  speculations  as  to  the  cause 
of  this  difference  will  be  considered  later. 
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APPENDIX   A. 


Surface    Temperatures   olsm%'ed  on    hoard   ffJf.S.   *  Porciqiiiie' 
during  the  Summers  of  1SG9  and,  1870, 


I.  Tempbratl'rss  observed  in  ISfiO. 


Date  and  Position. 

May  28th      .     . 

o 

Deg. 
Cent 

10-0 

eg 

4 

Dep:. 
Cent. 

9-4 

1 

Date  and  Pr»sitinn. 

1 

i 

May  30th      .     . 

i 

1 

mm 

O 

:    4 

e 

1 

2 

Dcg. 
Cent. 

10-0  '. 

Deg. 
Cent. 

9-4 

4 

10-0 

10-2 

(> 

10-8 

10-8 

6 

1 

8 

12-2 

iri 

8 

' 

10 

150 

111  i 

10 

10-0 

10-5 

In  Valentin  .     . 

Noon. 

150 

127  : 

Off    the    Great ) 
Skeiligs     .     .  ( 

Noon. 
2 

9*4 

10-8 
11-9 

:      2 
4 
6 

12-8 
12-5 
11-4 

12-2 
11-4 

iri 

4 

11*6 

111 

1 

8 

1 

« 

11-4 

i 

'      10 

10-0 

111 

8 

1 

Midn. 

9-4 

111 

10 

11-6 

10-2 

May  31st .     .     . 

1       2 

9-4 

10-8 

Midn. 

100 

10-5 

4 

10-0 

111 

May  20th      .     . 

2 

1 

!       6 

111 

111 

4 

7-2 

1 

1 

!       8 

13-3 

111 

6 

ll'C 

10-2 

10 

13-3 

IM 

8 
10 

111 
13-3 

10-8    ■ 
127 

Lat.    r)r52'N.  \ 
Long.  11^34'W. 

Noon. 

13-9 

11-6 

In  Dingle  Bay  . 

Noon. 

13-9 

11-6 

'       2 

13-9 

11-4 

2 

13-9 

11-4 

1 

4     ; 

127 

4 

127 

11-4    ' 

() 

12-2 

11-9 

0 

10-5 

S 

12-2 

11-6 

8 

100 

10-5 

, 

10 

llf) 

11-6 

10 

n-fi 

• 

Midn. 

11-9 

11-9 

1 

Midn. 

111 

June  1st     .     .     . 

2 

12-2 

12-2 

Mav  30th      .     . 

2 

ll-«    , 

4 

12-2 

12-2    1 

I 
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11-9 
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8 
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11-9 
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1 

10 

13-9 

11-9 

6 

12*8 
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11-9 
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14-4 
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11-9 
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11-9 
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11-9 

4 

11-6 

11-6 

S 
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11-9 

6 

12-7 
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10 

11-9 
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8 

12-7 
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1 
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11-6 

11-9 

10 

12-7 

11-6 

June  2nd .    .    . 

2 

11-9 

11-9 

In  Galway  Dock 
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4 

11-1 

11-9 

2 
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Noon. 

15-0 

12-2 

10 
Midn. 

13-3 
13-9 
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11-6 
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4 
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8 
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12-5 

: 
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10-8 
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' 

10 
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1 

8 
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12-9 

In  Galway  Dock 
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i 
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13-9 

1 

1 

Midn. 

10-5 

12-3 
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12-2 
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10 
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June  17th     .     . 

2 
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no 

10 
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12-2 

121 

a 

lie 

12-3 

10 

12-2 

1 

12-2 

10 

11-1 

no 
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Date  uud  Fusitinii. 


June  2 1st 
«rune  'I'lwfX 


At  Killil)e<rs 


At  Killibegs 


June  24th 


I 


:3 


June  :i3nl     .     . 


•         • 


At  Killibe^js .     . 


June  -InXh     .     . 


At  Bundonm     . 


Midn. 

4 
<) 

s 

10 

N(»(in. 

4 

<; 

8 
10 
Midn. 

4 
() 

s 

10 
Nonn. 

4 
() 

S 

10 

Midn. 
.> 

4 
(i 

H 
10 
Noon. 

4 

{\ 

K 

ID 

Mi«!n. 

4 

<) 

H 

10 

Noon. 


Dt-K- 

Cent. 

iOf) 
Hi 

ill 

HI 

11() 
13:3 
i:3-3 

131) 
13-3 
\'1"2, 

111 
111 
lO'S 
111 
VIA 
13J) 
1 ')•.") 

1()() 

ir>r, 
17-7 

UV{\ 
13-3 
13(5 
12-7 
12-7 
13-3 
14-4 
15-3 
1()« 
17-5 
17-7 
17-7 
17-2 
KJl 
14-7 
14-7 
14-4 
141 
13-9 
l«-3 
200 
20-5 
231) 


(Viit. 

12-2 
11-8 
11  J) 
HI) 
12-0 
12*2 

12-3 
12-2 
12'2 

1 2r) 
11  J) 
12-2 

!•>•.> 

12-2 
12-2 
12") 
12-5 
12-5 
12-7 
13-3 
13() 
13-3 
13-0 
13-3 
13-3 
13r) 
13-3 
13T) 
13-:) 
13J) 
141 
15-0 
141 
15-0 
15-3 
14-4 
14-4 
13-6 
14-4 
13-9 

\m\ 

1«(> 


Date  hikI  roKitiun. 


June  25th 


June  2()tli 


In  I)one<ral  ]>iiv 


June  27th 


At  Killibe;^. 


June  28th 


Lilt.   r)4"r)4'N.  ; 


June  20th 


1 

Temperature 
of  8<ra-Surface. 

Dtg. 
Cent. 

DeK.     : 
Cent. 

4 

150 

15()  : 

(> 

1()1 

13-9 

8 

150 

14-1 

10 

15-5 

15-5 

Midn. 

14-4    1 

15-5    ! 

2 

141 

15-8 

4 

13-9 

150 

() 

13-9 

13-3 

8 

15-3 

13(5 

10 

18-0 

14-4 

Noon. 

191 

13-9    = 

.) 

22-2 

15-3 

i  4 

19-4    1 

1()1 

(i 

1()G 

15-5 

8 

15-5 

15-5 

10 

12-7 

15-3 

Mi<ln. 

12-5 

150 

2 

111 

14-4 

4 

11-4 

14-4 

(> 

12-7 

13-9 

8 

13-6 

13-9 

10 

15-5 

14-4 

Noon. 

l()-6 

14-4 

2 

200 

150 

4 

17-2 

14-4    ' 

(i 

13-3 

13-3    , 

8 

13-3 

13-3 

10 

13-3 

13-3 

Midn. 

13  3 

13-3 

2 

12-7 

13-3 

4 

12-7 

12-9    1 

() 

12-7 

12-7 

I       B 

13-3 

13-0 

1     10 

1 

13-9 

13-3 

Noon. 

14-7 

13-3 

2 

14-7 

13-3 

4 

13-9 

13-3 

(J 

130 

13-9 

8 

13() 

130 

10 

12-7    i 

13-3 

Midn. 

12-9 

13-6 

2 

127    ' 

13-3 

4 

12-2 

13-3 
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1 
1 

s 

•        1 

• 

S 

sg 

Date  and  Position. 

u 

*• 

s 

s 

mm      «M 

c  • 

0) 

5|    . 

h 

Date  and  Poaitiun. 

t 

b2 

H 

^^ 

1 

1 

^^ 

I>g- 

I>eK. 

Deg. 

Deg.     . 

tVut. 

Cent. 

Cent 

Cent. 

June  29th    .     . 

6 

13« 

13-3 

July  2nd  .     .     . 

4 

16-2 

14-2 

8 

14-4 

13-3 

(> 

15-5 

14-5 

10 

16« 

13-9 

8 

14-7 

14-4    ' 

Lot.    55**  ll'N.  ) 

^Y 

^     4  .   J 

10 

150 

14-6 

Long.ll^srw.  i 

Noon. 

1«(5 

14*4 

Midn. 

14-4 

13-9    ! 

C7                                                               / 

2 

1(51 

15-0 

July  3rd  .     .     . 

2 

13-9 

13-9 

4 

ir)T) 

14-4 

4 

13-3 

13-9 

6 

15-5 

14-4 

6 

14*9 

141 

8 

15-0 

14-4    , 

8 

15-5 

141 

10 

13-6 

13-9 

10 

161 

140 

June  30th     .    . 

Midn. 
2 

13*3 
130 

13-9 
14-1 

Lat.    56'68'N.  ) 
Long.  13"  17'  W.  J 

Noon. 

15-3 

13-9 

4 

13-3 

14-0 

2 

16-9 

14-4 

6 

16-6 

13-9    , 

4 

161 

13*9 

8 

18-0 

13-9 

6 

14-7 

13-6 

10 

161 

14-4 

8 

13-9 

12-5 

Jiat    56''44'N.  ) 
Long.  12°  63'  W.  J 

Noon. 

16-4 

14-4 

10 
Midn. 

13-3 
12-7 

12-5 
12-2 

C7                                                              # 

2 

17-7 

14-5 

July  4th  .     .     . 

2 

13-4 

13-6 

4 

17-7 

14-4 

4 

139 

13*9 

6 

15-8 

150 

6 

13-6 

14-0 

8 

15-0 

15-0 

8 

141 

13-6 

10 

14-4 

15-3 

10 

14-7 

14-7 

Midn. 

13-6 

14-4 

Lat.    56^  47'  N.  ) 
Long.  12°  49' W.J 

Noon. 

15-0 

13-9 

July  Ist   .    .    . 

2 

127 

13-9 

w 

4 

13-3 

13-9 

2 

14-4 

14-7 

6 

15-5 

14-4 

4 

14-4 

14-8 

8 

l()-3 

14-4 

6 

13-9 

14-8 

10 

17-3 

14-7 

8 

13-9 

14-9 

Noon. 

17-2 

14-8 

10 

13-9 

150 

2 

17-2 

15-5 

Midn. 

13-3 

14-7 

4 

16-6 

150 

July  5th  .     .     . 

2 

12-7 

150 

6 

15-0 

14-4 

4 

13-3 

150 

8 

14-4 

14-4 

6 

13-9 

14-7 

10 

141 

141 

8 

13-9 

14-7 

Midn. 

141 

141 

10 

14-4 

14-7 

July  2nd  .    .    . 

2 

4 

141 
141 

13-9 
140 

Lat.    56^41'N    > 
Long.  12°  56^  W.  j 

Noon. 

13-9 

14-7 

6 

150 

141 

2 

14-4 

15-0 

8 

15-5 

141 

4 

13-3 

150 

10 

15-5 

14-4 

6 

12-7 

14-4 

Lat    56'   9*  N.  ) 
Long.  14^  10'  W.  ] 

iNoon. 

17-7 

14-4 

8 
10 

12-2 
12-5 

14-1 
14-4 

O                                                      ' 

2 

!  17-4 

14-7 

1 

Midn. 

12-5 

14-4 

1 

1 

1 

—   ___ 

— 
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1 

1 
\ 

rature 
lir. 

rature 
iurface. 

^ 

1 

1 

C2 

ratnre 
lurfoce. 

Dftte  and  Fosition. 

1 

B^ 

Dfg. 
Cent. 

il 

Deg 
Cent. 

Date  and  rositiun. 

■     ■                 -  .    . 

e 

Deg. 
Cent. 

n 

Deg. 
Cent 

Jalyath  .    .    . 

2 

12-2 

13-9 

In  Lough  S willy 

Noon. 

15-8 

13-3 

4 

12-7 

13-9 

2 

161 

13*3 

6 

12-4 

13-8 

4 

15-5 

130 

8 

13-9 

14-1 

6 

15-3 

13-3 

10 

141 

13-9 

8 

13-9 

13-3 

Ut.    6(5*'22'N.  i 

Noon. 

13-9 

10 

12-2 

13-3 

Long,  ir  37' W.J 

Midn. 

no 

12-7 

2 

15-0 

July  10th      .    . 

2 

11-6 

13-6 

4 

15-3 

14-1 

■ 

4 

12-2 

13-6 

6 

13-9 

14-4 

1 

6 

14-1 

130 

8 

13-3 

14-4 

1 

8 

161 

13-4 

10 

120 

13-9 

1 

1 

10 

161 

13-4 

Midn. 

11-1 

13-3 

In  Lough  Foyle 

Noon. 

17-7 

14-4 

July  7th  .    .     . 

2 

12-7 

13-3 

2 

17-7 

150 

4 

141 

13-3 

4 

18-3 

14-7 

6 

14-7 

13-3 

6 

161 

14-4 

8 

14-7 

13-3 

8 

14-4 

13*9 

* 

10 

150 

13-4 

10 

13-9 

13-3 

Ut.    W'.WN.  ) 
Long.  10'  17'  W.  j: 

Noon. 

150 

13-3 

July  nth      .    . 

Midn. 
2 

14-4 
150 

13-9 

14-4 

2 

150 

13-9 

4 

13-9 

14-4 

4 

150 

13-6 

6 

14-7 

13-9 

; 

6 

150 

13-9 

8 

16-3 

13-9 

1 

8 

150 

13-9 

10 

16-6 

13-6 

1 

10 
Midn. 

14-4 
14-4 

13-3 
13-3 

=  At  Moville,         } 
Lough    Foyle  ( 

Noon. 

18-9 

14-4 

July  8th  .    .    . 

2 

14-4 

13-9 

2 

20-5 

15-5 

4 

14-4 

13-6 

1 

4 

211 

16-0 

i\ 

15-5 

13-9 

1 

c 

18-9 

14-4 

8 

15-5 

13-9 

8 

18-0 

14-4 

10 

150 

13-9 

10 

15-8 

13-9 

Lat.  66'    6*  N.    ) 
Long.9'36'W.  ] 

Noon. 

15-0 

13-3 

July  12th      .     . 

Midn. 
2 

15-8 
15-3 

14-4 
150 

2 

14-7 

13-6 

i 

4 

130 

14-7 

4 

150 

13-6 

6 

13-9 

11-4 

6 

13-3 

13-9 

8 

15-5 

111 

8 

13-3 

13-6 

10 

161 

10-5 

10 
Midn. 

13-3 

12-7 

13-9 
12-7 

Off   Belfast        ] 
Lough  .    .    . ) 

Noon. 

15-5 

11-1 

July  9th  .     .     . 

2 

12-2 

13-9 

2 

161 

111 

4 

12-2 

12-7 

4 

13-9 

14-4 

0 

1 

G 

14-4 

14-4 

8 

141 

13-3 

8 

14-4 

14-1 

10 

15-5 

13-3 

10 

12-7 

12-2 

• 
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l)ut«  and  rusitiiju. 


July  12th 
July  13th 


At  Belfast 


July  14  th 


At  BelfiLst 


July  loth 


At  Belfiist 


July  Kith 


At  BelfttHt 


I 


I  Mitlu. 


4 

{\ 

8 
li> 
N(K)n. 

:2 

4 

(3 

8 

10 

Midn. 

2 

4 

(5 

8 

10 

Noon. 

2 

4 

() 

8 
10 
Midu. 

4 

(> 

8 

10 

Noon. 

4 

() 

8 

10 

Midn. 

2 

4 

6 

8 

10 

Noon. 

2 


it 


Out. 

12-2 
10-5 

iri 

12-2 
13-3 
13*3 
Uro 
17-2 
1()() 
17-7 

I'lO 

12-2 
11-6 
13-3 
13-3 
141 
15-8 
17*5 
17-8 
18-3 
17-8 


i(;i 
1()1 

If)  5 
loO 
1<)() 
18-3 
20-5 
21-4 
21-1 
211 
20-5 
ll)-4 
19-4 
17-7 
17-2 
16-6 
17-5 
18-9 
22-5 
22T) 
17-2 


£3 


tViit. 


Uato  and  Position. 


116      July  Kir h 


13-3 
13-3 
13-3 
13() 
141 
15-) 
17-2 
17-2 
17-2 
17*2 
16-6 
16*6 
16-6 
16*6 
16-3 
16*6 
16-6 
l()-6 
16-6 


1()1 
1(;(> 
101 
lG-4 
17-7 


I     1  T 


17-2 
17-7 
17-2 
17-2 
17-2 
17-2 
17-2 
17-2 
177 
18-9 
18-9 


July  17th 


At  Belfast 


July  18th 


Off  Tuskcir  L.  II. 


July  19th 


At  Haulbowline 


July  20th 


1 

1                          1 

a 

1 

:  t 
'  h 

1 

1    Cent. 

1 

'     gS     ■ 
Sao     ; 

Cent. 

4 

161 

19-4    . 

() 

161 

18-9 

8 

17-7 

18-9     ' 

10 

17-2 

18-9 

Midn. 

14-7 

18-9 

2 

12-7 

18-3 

4 

12-2 

17-2 

(> 

16-4 

18-3 

8 

17-7 

18-3 

10 

19-4 

18-9 

Noon. 

261 

19-7    1 

2 

18-9 

13-9    = 

4 

15-3 

11-6    1 

e 

14-7 

11-6    ' 

8 

150 

12-7 

10 

150 

13-9 

Midn. 

16-6 

15-5 

2 

161 

4 

15*5 

6 

161 

8 

15-5 

10 

16-9 

Noon. 

1(5-6 

2 

18-9 

4 

19-4 

() 

17-9 

8 

19-4 

10 

18-0 

Midn. 

17-7 

2 

161 

4 

15-5 

(S 

16-3 

■ 

8 

19-7 

1 

10 

21-6 

Noon. 

22*8 

2 

20-0 

4 

({ 

20-0 

8 

17-2 

17-4 

10 

16-6 

16-6 

Midn. 

16-6 

16-6 

2 

16-9 

17-7 

4 

16*6 

18-0 

6 

17-6 

18*3 
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■ 

1 

1 

Date  and  Position. 

1 

1 

1     .    . 

6 

t 
I'- 

Cent. 

u 

o 

1 

Deg. 
Cent. 

Date  and  Positiiin. 

1 

• 

1- 

!        § 

1       = 

1 
1 

1 

s 
2® 

l>eg. 
(Vnt 

si 

II 

;   p 

B  » 

I ^ 

: 

Deg. 

C«Mlt. 

July  20th      .     . 

8 

20-5 

18-3 

July  23rd      .     . 

4 

17*2 

18-3 

10 

21-1 

18-9 

1 

() 

18-9 

18-3 

Lit.  50"  28'  N.    ) 
:  Long.  9^  37'  W.   ( 

Noon. 

22-2 

18-9 

1 

8 
10 

17-5 
17-2 

18-3 
18-3 

2 

20-8 

19-7 

Midn. 

l(>-(i 

18-3 

• 

4 

'  20-0 

19-4 

Julv  24th      .     . 

2 

17-2 

18*3 

fi 

20-0 

18-9 

4 

17-2 

18-3 

8 

18(> 

18-3 

1 

() 

17-5 

10 

17-7 

18-3 

8 

18-6 

18-0 

1 

Midn. 

17-2 

18-0 

10 

18-9 

18-3 

July  21st.     .     . 

4 

17-7 
17-2 

17-7 
l()-9 

:  Lat.    47^40'N.  ) 
Long.  11   34'\V.  ] 

Noon. 

18-3 

18-3 

f) 

17-7 

17-5 

2 

19-4 

18-3 

8 

17-7 

17-5 

4 

18-9 

18-3 

10 

18-1) 

17-5 

i 

() 

18-0 

17*7 

I^t.     48   5rN.  / 
Long,  ir  8'W.  ( 

Noon. 

lir4 

17-5 

■ 

8 
10 

18-0 
18-3 

18-0 
18-3 

2 

20-8 

17-2 

Midn. 

17-7 

18-3 

4 

18*3 

17-2 

July  25111      .     . 

2 

17*2 

18-0 

i 

C 

18*3 

17-2 

4 

l()-9 

18*3 

1 

8 

18-0 

17*7 

() 

1(5-6 

17-7 

» 

10 

17-7 

17*7 

\ 

8 

17-7 

17-7 

Midn. 

17-7 

17*7 

10 

18-0 

17*7 

i  July  22nd     .     . 

1 

2 
4 

17-7 
17-7 

1(5-9 
17*7 

Lat.     49°    I'N.  / 
Lonjr.  12  22'W.  } 

Noon. 

18-9 

17-7 

6 

18-3 

18-3 

2 

18-3 

17-7 

8 

18-1) 

18-0 

4 

18-3 

17-7 

1 
1 

10 

17-2 

17-7 

() 

18-3 

17-7 

Lat.    47"  38'  N.  ) 
Lon^r.  12'irW.  ( 

Noon. 

U>-4 

18-3 

8 
10 

19-4 
18-3 

18-3 
17-7 

2 

lJ)-4 

18-3 

Midn. 

18-9 

17-5 

4 

20-0 

18-3 

July  26th      .     . 

2 

161 

17-2 

1 

e 

18-9 

18-3 

4 

161 

17-2 

8 

17-5 

18-3 

(> 

17-2 

17-4 

t 
1 

10 

17-5 

18-3 

1 

8 

16-1 

17-5 

1 

Midn. 

17-2 

18-0 

1 

10 

18-9 

17-7 

\  July  23rd      .     . 

1 

2 
4 

17-2 
16« 

18-0 
18-3 

Lilt.     49"*   (V  N.  \ 
Long.  ir58'W.  ( 

Noon. 

18-9 

17-7 

I 
1 
1 

H 

17-7 

17-7 

1 

2 

17-2 

17-7 

8 

19-4 

18-0 

1 

4 

16-9 

17-7 

10 

19*1 

18-0 

iS 

16-9 

17-7 

Lat.    47**39'N.  ) 
Lonjr.  1  r  52'  \V. ) 

Noon. 

20-0 

18-0 

1 

8 
10 

16-4 
161 

17-7 
17-7 

2 

20-0    1 

1 

18-3 

1 

1                                  ■ 

Midn. 

15-8 

17-7 

z 
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'c 

I 

£ 

£?j 

|)at»*  ami  PosiliMii. 

5 

i! 
II 

Ihito  <iiiil  Position. 

1 

3 

s 
H 

l)e>j. 

Dip. 

1 
1 

1 

Dop. 

9 

1>K%- 

{ 

'int. 

CVnt. 

Cent 

Cent. 

Jjily  27tb      .     . 

2        J 

4        1 

17-7 
17-2 

Lilt.    51^   f)'  N. ) 
Long.  1 1 '  22'  \V.  J 

N<x>n. 

17-7 

15-8 

(>        J 

17*2? 

17r> 

2 

17-7 

8        J 

14(5 

17-5 

4 

17T) 

161    : 

10         ] 

L8-1) 

17-:) 

;       (5 

17-2 

16-G 

Li»n^'.  12  4.V  \V. 

Noon.    ] 

lS-0 

17-) 

8 
10 

l()-6 
l()-6 

16-6 
15-5 

2 

17-7 

17-5 

Midn. 

1G'() 

15-8    ! 

4        ] 

18-!) 

17-7 

July  31st.     .     . 

2 

10-3 

15-5 

(i        J 

18-3 

17-7 

4 

15-5 

15-5 

H         ] 

i(;i 

17-7 

(5 

15-3 

14-7 

10          J 

i«i 

17-7 

8 

17-2 

14-7 

Midn.     ] 

15-8 

17-7 

10 

18-9 

12*5 

July  2sth      .     . 

^ 

i:>:i 

17') 

Near  Cork  Har-  ) 

m^ 

1 

•' 

4 

(>        ] 

15-0 

15--) 

l()(i 

liour      .     .     .  S 

Noon. 
2 

1(5-6 

12-2    ! 

1 
■ 

K         ] 

l8-() 

in-G 

4 

18-3 

161 

10         ] 

17-7 

IGG 

() 

1(5-1 

15-8 

Lut.    4!)  5!)'  N. 
Long.  12  22' W. 

] 

Noon.     ] 

I!r4 

10() 

8 
10 

14-4 
12-7 

14-4 
11-6 

2        ] 

lI)-7 

1  (•)•<) 

'  Midn. 

12-7 

111 

4 

l8-:5 

171 

Aji^ist  l.st    .     . 

2 

12-2 

<)        1 

i<;i; 

\{\'\) 

4 

12-2 

8 

1  .')•.") 

UVU 

() 

13-0 

1 

10         1 

ir)-8 

I.")-) 

8 

1(5-6 

Midn.     ] 

i(>-i 

1()(> 

10 

17-5 

14-7 

Julv  2!)th      .     . 

• 

o 

mi 

17-2 

At  QuetMistown . 

Noon. 

19-1 

14-7 

4 

ir»-:> 

17-7 

2 

18-9 

15-3    ! 

(>        1 

|.")-8 

H>-J) 

4 

18-9 

15-8 

8         1 

[({•4 

u;i» 

(5 

10         ] 

lO-C) 

l(»(i 

8 

13-9 

15-8 

Ut.    :»(>  21'  N. 

Long.  1 1   42'  W. 

\ 

Noon. 

17-2 

l(>-3 

10 
Midn. 

12-2 
12-5 

150 
14-7 

•>       1 

Kil 

nj-3 

August  2nd  .     . 

2 

12-2 

14*4 

4        ] 

17-7 

1(5-3 

4 

1 1  -9 

15-0    ; 

i\        ] 

17-7 

1()(5 

0 

12-7 

15-5    • 

8         ] 

i<;-3 

17-2 

8 

150 

15-3 

10         ] 

n;i 

1(5(5 

10 

14-7 

1 

Midn.    ] 

m;-i 

17-2 

At  Cj!uwn.stowu . 

Noon. 

15-5 

July  3(nh      .     . 

^ 

KM 

ir)-8 

2 

15-5 

1 

4 

U>1 

1.V8 

4 

16-4 

150    ' 

{\       ] 

17*2 

15-8 

6 

15-3 

15-5    1 

S        ] 

17-2 

1.V8 

8 

13-9 

150 

10        ] 

17-2 

i.v:> 

10 

13*9 

15-0 
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3 

11 

'      § 

^•3 

£••=• 

2.5 

u 

a 

25 

Date  and  Posit  ioiL 

o 

Datp  ami  Pusition. 

el 

Eh 

f^'s 

H 

^'S 

Doj?. 

Dt'K. 

p«% 

Deg. 

Cent. 

CVnt. 

Ci'iit. 

Cent. 

August  2n(l  .     . 

Midn. 

13J) 

13-9 

August  6th  .     . 

10 

17-7 

14-7 

August  Srd  .     . 

2 

15-3 

14-4 

At  Belfast     .     . 

Noon. 

18-3 

15-5 

4 

15-5 

14- 1 

2 

() 

15-0 

13-9 

4 

18-9 

17-2 

8 

IT)  5 

13-9 

(> 

15-0 

10 

15-5 

141 

8 

130 

16-6 

Lat.  52°  22'  N.  ] 

10 

111 

161 

Black  water,      > 

Noon. 

IGl 

13() 

Midn. 

10-0 

15-0 

Lat.  N.  11  miles.  ) 

August  7th   .     . 

2 

iO-8 

15-5 

2 

lG-2 

13-9 

4 

111 

15-5 

4 

18-3 

141 

(J 

12-7 

15-5 

(i 

17-2 

14-7 

8 

14*4 

15-5 

8 

15  5 

13-3 

10 

15-3 

15-5 

10 

14-4 

13-3 

At  Belfast     .     . 

Noon. 

15-0 

150 

Midn. 

14-4 

13*3 

2 

15-3 

15-5 

August  4th    .     . 

^ 

13-9 

13-9 

4 

15-0 

15-5 

4 

13-3 

13-9 

() 

15-5 

« 

13-3 

12-7 

1       H 

8 

11-9 

12-5 

10 

14-7 

15-5 

10 

13-9 

12-2 

Midn. 

15-0 

14-7 

At  Copeland  Is-  ) 
land      .     .     .  ( 

Noon. 

14-4 

12-5 

August  8th    .     . 

'       2 
4 

13-9 
13-9 

150 
150 

2 

15-0 

13*9 

,       6 

4 

1(>1 

1«1 

8 

15-0 

15-0 

i^ 

1(>« 

15-8 

:       1^* 

15-5 

15-3 

8 

13-3 

At  Belfast     .     . 

Noon. 

17-2 

15-8 

10 

13-3 

'  150 

■ 
■ 

2 

20-8 

161 

Midn. 

111 

13-9 

4 

1()T» 

15-8 

August  5th   .     . 

2 

111 

141 

H 

13-9 

15-5 

4 

10-5 

14-4 

s 

14-4 

15-8 

(> 

12-7 

14-6 

10 

13-6 

15-8 

8 

15-3 

14-7 

1 

Midn. 

13-9 

15-5 

10 

18-3 

15-0 

August  9th   .     . 

2 

13-3 

15-5 

At  Belfast     .     . 

Noou. 

l()-9 

15-5 

*_' 

4 

13-3 

15-5 

2 

17-4 

6 

13-3 

15-3 

4 

17-7 

.  16-4 

8 

13-3 

0 

12-8 

15*5 

10 

14-4 

15-5 

8 

At  Belfast    .    . 

Noon. 

150 

15-5 

10 

111 

150 

2 

161 

15-5 

Midn. 

100 

150 

, 

4 

16-6 

15-5 

August  6th   .     . 

2 

10-5 

,   147 

(> 

14-4    i 

15-8 

4 

10-0 

14-4 

8 

11-4 

15-5 

6 

12-5 

141 

10 

10-5    ; 

15-0 

1 

8 

160 

14-4 

> 

1 

Midn. 

i 

10-0 

14-4 

z2 
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l)aU*  nn<l  Positinii. 


Au^ist  loth .     . 


At  Belfikst 


•  • 


An«^ist  1 1  th .     . 


Ill  Belfast  Lough 


August  12th 


I      o 


Coll       IslaiKl, 
North,  3  Uiilcs 


August  13th.     . 


2 
4 
{\ 

H 
10 

Noon. 
2 
4 

() 

H 

,      1«> 
:  MMn. 


() 

H 

10 

Noon. 
•> 

4 
() 

S 
10 

Mitln. 
2 
4 

r» 

H 
10 

Noon. 

2 

4 
fi 

M 
10 

Midn. 
.> 

4 
(> 

s 
10 


I)« 


Cent. 
Ill 

iir.") 
lo:> 
11-4 
\:v\) 
ir)') 

1;V0 
14-7 
127 

HI) 
ir<) 
111) 

10-5 

117 
1  .>••> 

13-3 

14-4 

14-4 

1.V3 

ir)-0 

i3J) 

12-2 

117 

12-0 

12-2 

111 

11-4 

13-3 

17-2 


14-4 
127 
12-2 
117 
12-0 
127 
1 2-1 
127 
12-:) 
147 


Cent. 

13-9 
147 
14-4 
14-4 

i:)0 


l.'-^-O 
14-4 
13!) 
13J) 
13-3 
13(> 
131) 

14-4 

12-2 

13-0 
1  •>•.> 

12-2 

117 

117 
1  •>••> 

1  ^   ^ 

117 
12'0 

I2r) 

127 


lS-3       12") 
15-3       13-3 


12-2 
12-2 
12-0 
12-2 

!.>•.> 

lib 
111) 
12(> 
12(^ 
IIM> 


Date  and  Purtition. 


August  13th  .      . 


August  14th .     . 


At  Stornoway 


August  1 5th 


At  Stornoway 


August  Kith 


•  • 


3 


£S 


Ljtt.  5!)'  21'  N.   / 
Long.  (>   r)K  W.   ) 


} 


Shiant     Islands,  (    ^  ,.>...       ..... 

N.N.W.G miles)    ^'''''''     ^'^'^    ,     '  *'       August  17th. 


2 

4 

() 

8 
10 
Midu. 

2 

4 

(> 

8 
10 
Noon. 

2 

4 

« 

8 
10 

Midu. 
2 

4 
(> 
8 
10 
Noon. 
2 
4 

(; 

8 
10 

Midn.  \ 
2 
4 
<) 
8 
10 

Noon. 

2 
4 
(> 
8 
10 
Midn. 


r 

1 

2| 
^•5 

Cent. 

Cnit. 

12T) 

11  •« 

127 

12-2 

13-3 

ll'« 

12(> 

12*7 

11-4 

11*6 

111 

12-2 

,  ir(> 

12-0 

11-4 

11-4 

11-4 

12*2 

13-3 

12*0 

127 

1.V5 

12*2 

1()1 

12-5 

15-0 

12-7 

147 

13-3 

12-2 

13-3 

12-5 

,  127 

12-2 

1  13-3 

12*2 

13-3 

12-2 

13-3 

12-2 

13J) 

12*2 

13J) 

12-2 

14-4 

12-2 

:   ir>-8 

12-5 

1(>1 

1 2-5 

15T) 

12-5 

13-3 

12-5 

127 

127 

;  13-0 

12-2 

127 

12*2 

127 

12-2 

13-3 

12-2 

:   13-3 

12-2 

13(; 

12-2 

13-3 

12C) 

1   13-0 

12-2 

13-3 

12"2 

13-3 

12*2 

127 

12'2 

12-5 

12-2 

12-2 

12-2 

111 

ir« 
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, 

m 

§ 

£ 

1 
turc       1 
rface. 

DiiU*  nnd  Position. 

(J 

3 

2| 

Date  and  PoHition. 

5 

l! 

g.^     i 

£| 

t5 

£  o 

CS        1 

ii 

&x 

i; 

Z  ti 

■ 

H 

^^ 

^•s 

j 

Dog. 

Deg. 

Dog 

D<-g. 

1 

Cent. 

Ct'nt. 

Cent. 

Cent. 

August  17tb .     . 

4 
6 

12-2 
12-2 

11-9 
11-9 

Lat.  ()0°  35'  N.   ) 
Long.  iS"  41'  W.   ) 

Noon. 

13-3 

11-4 

. 

8 

12-2 

2 

12-7 

11-4 

j 

10 

13-9 

12-2 

4 

12-2 

11-0 

1  L:it.  59**  3f5'  N.  ] 
Lonpr.  TMi^'  W.   ) 

Noon. 

13-9 

12-2 

8 

9-4 
9-4 

11*4 
10-5 

2 

13-6 

11-9 

10 

9-7 

10-0 

i 

4 

141 

11-9 

Midn. 

10-0 

9-4    1 

1 

G 

130 

11-9 

August  2lst  .     . 

2 

100 

9-4 

1 

8 

12-5 

11-4 

4 

9-4 

9*4 

■ 

10 

12-7 

Hi 

6 

10-0 

9-4 

1 

Midn. 

12-2 

Hi 

8 

10-0 

10-0 

August  18th.     . 

2 

12*2 

10-5 

10 

130 

9-7 

1 
1 

4 

12-2 
12-7 

Hi 
Hi    , 

Off     Sandu    in  ) 
Fivroe  Islands  j 

Noon. 

13-3 

91 

I 

1 

8 

13-9 

11-4    1 

2 

11-4 

8-8 

10 

13(j 

10-8 

4 

11-7 

9i 

Lat.  Ccr  25'  N.   \ 
Long.  8°    9*  W.  j; 

Noon. 

13-6 

11-4 

1 

(> 

8 

11-4 
10  5 

91    1 
91 

2 

12-7 

Hi 

10 

10-8 

9-4 

1 

1 

4 

12-5 

10-8    ' 

Midn. 

10-5 

9-4 

I 

(> 

12-2 

Hi    1 

August  22nd 

2 

10-5 

91 

8 

12-2 

Hi 

4 

10-8 

9-4    t 

10 

12-2 

Hi 

0 

Hi 

91 

1 

1 

Midn. 

12-2 

Hi 

8 

11-6 

9-4    1 

.  AufAist  19th.     . 

2 

12-2 

Hi 

10 

12-7 

9*4    ; 

1 

4 

12-2 

Hi 

At  Thorsliavn    . 

Noon 

14-4 

9-4 

() 

12-7 

H-4 

13-3 

9-7 

1 

t 

8 

12-7 

11-4 

4 

12-2 

10-0 

1 

10 

13-3 

11*4 

(> 

13-3 

9-7 

•  Lat.  V^r  13'   N.  ] 
Long.  6^  41'  W.  ( 

Noon. 

12-7 

Hi 

8 
10 

10-5 
100 

9-4 
9-4 

2 

13-3 

Hi    1 

Midn. 

10-0 

9*4 

4 

13-9 

1 

August  23rd 

2 

9-4 

9-4 

(» 

12-7 

Hi 

4 

1 

8 

12-7 

Hi 

6 

10-8 

9*4 

10 

12-7 

Hi 

8 

10-5 

9-4 

Midn. 

12-2 

10*5 

10 

12-7 

9-7 

August  20th .     . 

2 

12-2 

10-5 

At  Thorshavn    . 

N  oon. 

12-7 

9-7 

. 

4 

12-0 

10-0 

2 

12-7 

9-4 

6 

12-2 

10-8 

4 

12-7 

9-4 

8 

12-5 

lO;-) 

() 

12-2 

9-4 

10 

12-5 

10-3 

8 

Hf) 

91 

1 
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-t 

n 

S 

g|     . 

s 

=  43 

s 

55      ' 

Date  and  Position. 

1^ 

IS 

DaU'  aiiil  Pdriition. 

o 

*•* 

^<w 

'-'d 

*-t 

s?« 

kiH 

f* 

1 

1 

•M 

s  ^ 
5 

1 

H 

H 

^•5 

1 

Df«. 

I)t}J. 

Deg. 

Deg. 

Cont. 

Cent. 

Cent. 

Cent. 

August  23rd 

10 

Ill 

9-4 

August  27 til.     . 

8 

Ill 

11-4 

Mulu. 

111 

91 

10 

11*6 

11*6 

August  24tli .     . 

2 
4 

111 
111 

91 
9-4 

Lilt.  60'  2(>'  N.    \ 
Long.  0^  15'  E.     ) 

Noon. 

12-5 

11-6 

(3 

111 

9*4 

' 

2 

13-3 

12-2    ! 

8 

11-4 

91 

4 

12-2 

11-9    '• 

10 

ir(> 

91 

1 

f) 

111 

iro 

About  10  miles  1 
EastofHaalso    ] 

Noon. 

1 -)•.■) 

91 

8 
10 

111 
10-0 

12-2 
12-2    ! 

2 

12-0 

9-7 

1 

Midn. 

9-4 

Ill 

4 

13-3 

10-0 

'  August  28th .     . 

2 

10-5 

11« 

() 

III 

9-4 

i 

4 

12*2 

UM>    • 

H 

111 

9-4 

1 

(5 

11-9 

11-9 

10 

lO") 

9-4 

1 

8 

10-0 

111 

MMu. 

111 

9-4 

10 

10-0 

111     , 

August  2r)th .     . 

2 

Hf) 

9-7 

At  Lerwick  .     . 

Noon. 

9-4 

111     ; 

4 

\\'{\ 

9-7 

2 

10-5 

iri 

<> 

12-5 

9-4 

4 

111 

111   ; 

8 

12-5 

9-7 

() 

9-7 

111 

10 

12-5 

9-4 

8 

8-8 

in 

Lat.  cr  3«)'  N.  \ 

Xoon. 

1  "^.n 

i\»    4 

1 

10 

7-5 

111        ; 

Long.  3°  45'  W.  ( 

12  2 

9-4 

^ 

Midn. 

7*2 

111 

2 

12-2 

9-7 

■  August  29th  .     . 

2 

7-2 

111 

4 

llf> 

9-4 

4 

7-7 

H)-3 

(> 

lie; 

9-4 

() 

7-7 

11-4 

8 

11-4 

9-7 

8 

9-4 

111 

10 

11-4 

91 

10 

9-7 

iri 

Midn. 

12-0 

10-5 

At  Lerwick  .     . 

Noon. 

9-4 

111 

August  2()th .     . 

2 

12-0 

iri 

2 

9-4 

111 

4 

12-0 

ill 

4 

9-4 

111 

(> 

12-0 

111 

6 

91 

111 

8 

12-0 

11-4 

8 

77 

iri 

10 

12-2 

IIG 

10 

7-7 

10-8    1 

I.at.  (jr  14'   N.   ) 
Long.  V  bH'  W.   ) 

Noon. 

12-7 

11-4 

August  30th .     . 

Midn. 
2 

8-9 
8-3 

10-8 

111 

2 

12-7 

11-4 

4 

7-7 

1 

4 

Il() 

11-4 

f) 

8-3 

10-8    ' 

' 

(i 

111 

11-4 

8 

10-3 

111 

8 

ircj 

11-4 

mf 

10 

111 

HI 

1 

1 

10 

\\{\ 

111 

At  Lerwick  .     . 

Noon. 

11-6 

111 

Midn. 

11-4 

111 

2 

12-7 

11-4 

August  27th .     . 

2 

111 

111 

'       4 

12*2 

111 

4 

111 

111 

() 

() 

111 

HI 

8 

7-7 

111 
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Dale  ninl  Posiiioii. 

1 

u 

mm 

•          1 

II 

Dati*  ami  rnMitimi. 

Hour. 

:  I! 

LViit. 

Out. 

Dt-K. 

;  tviit. 

All 'Hist  30th.      . 

10 

V'l 

111 

Sei)tember  3id  . 

10 

13-0 

110 

Aii;;ii^t  31st  .     . 

Midn. 
•2 

111 
lO*.-) 

Lit.  no     \S  N.  ( 
Lon«jr.  W  10'  W.   \ 

Noou. 

12-7 

ir« 

o 

4 

77 

lo-.-) 

1 

I2ri 

11  (J 

(» 

10-0 

Ill 

4 

12"2 

HO 

M 

10-0 

111 

(» 

12-2 

11-4 

10 

IIM) 

10-8 

8 

12r) 

11-4 

'  At  Ijerwick  .     . 

Noon. 

Vl"l 

111 

10 

12-7 

110 

2 

\\\i\ 

111 

Midn. 

12-7 

12-2 

4 

111 

111 

September  4th   . 

:i 

12-7 

12'2 

() 

lori 

111 

4 

13-3 

'   12-2 

1 

H 

HI 

111 

(> 

13-0 

12') 

10 

10*M 

10-S 

s 

i:i!) 

I2ri 

1 

Miilii. 

10-.') 

111 

10 

14-4 

12-2 

September  Lst   . 

4 

Ill 
111 

HI 

ir<> 

Lit.  h\)   43'  N.   { 
\^^\y^.  (>    3.")'  \V.    S 

Noon. 

13-3 

'   12-2 

() 

11  (i 

ir<> 

2 

13-3 

12-2 

s 

11  (i 

ii-() 

4 

13-0 

'   12-2 

10 

111 

11-4 

,       <> 

12-7 

12-2 

Lit.  (H)'  2r  N.   / 
:  Lonjr.  3   WW.   S 

Noon. 

iri 

ir(» 

8 
li> 

12-7 
12-2 

.   110 
HO 

■                  *' 

2 

Vi't 

1 1  r, 

Midn. 

12r) 

12-0 

4 

13-3 

11-4 

September  ."ith  . 

2 

12-2 

12() 

1 

<) 

1 1  r, 

111 

4 

12r) 

HO 

1 

H 

11-4 

111 

1 

12-7 

110 

!      10 

111 

WW 

h 

12-7 

HO 

1 

Midn. 

iri 

irc) 

10 

13-3 

12-0 

September  'IwHi  . 

1 

2 
4 

10-8 
10-8 

10-8 
lOf) 

Lit.   •)!)'  :'.H'   N.    / 
L>nj:r.  ,s'  2.V  W.    S 

Noon. 

1 

14-4 

12-2 

1 

<) 

iri 

10-3 

2 

13() 

11-0 

K 

111 

10-3 

4 

12^) 

lie 

10 

111 

10-3 

0 

11-1 

HO 

Lit.  (Uv  'l\)'  N.  ) 
Lon-r.  4'  3h'  W.  \ 

■  Noon. 

■ 

11*4 

10-0 

■ 

8 
10 

111 

10-8 

iro 

11-4 

*^ 

'1 

11-4 

10-3 

Midn. 

HI 

11-4 

4 

ii(i 

10-5 

September  (>th   . 

2 

111 

11-4 

() 

11  0 

iri 

4 

HI 

H-4 

8 

ill 

111 

(> 

12-2 

HO 

10 

\Vi\ 

11-4 

8 

13-0 

iro 

Midn. 

\v\ 

11-6 

10 

12-7 

12-0 

September  3r(l  . 

•2 
4     ! 

ii-() 
111 

iri 

HI 

Lat.  5J)^3r  N.   / 
L)ng.  ir    4'W.   < 

Noon. 

12-7 

12*2 

(> 

11-1 

11-6 

2 

130 

8 

iif; 

110 

4 

12-7 

12-2    , 
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Dnto  uii(t  PoHitimi. 


September  Gth 


September  7th 


Ltit.  r>!r  41'  N. 
Long.  7^  \V1'  W. 


September  ^sth  . 


Lat.  m     7'  N.   / 
Long.  (>   ;ir>'  W.   j 


Sei)tembiT  Dtli  . 


At  Stornowav 


Sq»temlK.T    loth 


1 

1 

£       1 

Datr  ami  Powilion. 

Hour. 

tz 

H«-    1 

Dig 
tViit. 

12*:i 

CVnt. 
12-0 

September  10th 

() 

nop. 

Cent. 
14-4 

Dor. 
CVnt. 

12-7 

8 

12-2 

12-2 

8 

ir)0 

12*7 

10 

12-2 

12-2 

10 

13-9 

12-7 

Mi<lu. 

Ufi 

111) 

.  At  Stornoway    . 

Noon. 

16-3 

13-3 

'} 

11*4 

lie; 

2 

16-3 

130 

4 

10-5 

ir(> 

4 

15-0 

13fi 

c*. 

lOT) 

11!) 

<i 

130 

13-3 

8 

12-2 

iir> 

8 

12-7 

13-3 

10 

14-7 

1 1  i) 

i 

1 

10 

12-2 

13-0 

Noon. 

loT) 

12-2 

Midn. 

IIG 

12-7 

September  1  Uli 

2 

111 

12-7 

2 

130 

12-2 

j 

4 

11-1 

12-7 

4 

13-3 

12-2 

(> 

iri 

12*7 

() 

12-7 

12-2 

1 

8 

111 

12-7 

8 

iL>r) 

12") 

1 

10 

13-9 

12-7 

10 

127 

12-2 

At  Stornoway    . 

Noon. 

15-3 

12-7 

Midii. 

12-2 

12-2 

1 

2 

13-3 

12-2 

2 

12-2 

n-is 

4 

11-6 

12*7 

4 

12-7 

11!) 

i 

<i 

11-4 

12-7 

(! 

12-7 

11!) 

i 

: 

8 

10-8 

12-7 

8 

13<> 

12-2 

10 

0-7 

12-2 

10 

lo-O 

12-7 

Midn. 

0-4 

12-2 

■  Noon. 

U-4 

12-7 

;  Septtmber  12tli 

mi 

4 

91 

8-9 

12-2 
12-2 

•> 

ir>-3 

12-7 

' 

« 

J)-4 

12-2 

4 

1 

1  :)•.-) 

12-7 

8 

11-4 

12-2 

(> 

13-3 

I2r> 

1 

10 

12:) 

122 

8 

13-3 

12:) 

At  Stornoway    . 

.N<H)n. 

12-7 

12-2 

'      10 

13-3 

13-0 

: 

2 

12-7 

12-:) 

Midn. 

12-7 

13M) 

4 

12-7 

12T)    ; 

'^ 

13-3 

12-7 

(J 

111 

12-2    1 

1       4 

13-3 

12-7 

1 

8 

10-5 

12-2 

;    « 

13-3 

12-7 

10 

10-0 

12-2 

'        8 

13-0 

12-7 

Midn. 

111 

12-0 

'    i(\ 

13-3 

12-7 

September  13tli 

"2, 

10-0 

ir<> 

Noon. 

.   13!) 

12-7 

4 

91 

11*1 

'1 

1 

(5 

111 

ii-(>  ; 

1       4 

1  1-4 

12-7 

8 

111 

ll-(> 

H 

ir>-3 

12-7 

10 

13-0 

12-2 

8 
10 

1  ")•;■) 

12*7 
13-3 

:  In    Loch    Shell-  | 
Jag  .     .     .     .  j 

Noon. 

12-2 

12-() 

Midn. 

i.vr) 

12-7 

2 

141 

12-2 

'1 

130 

12-7 

4 

14-4 

12*2 

4 

14-4 

12-7 

C 

131) 

12*2 
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Dntr.  and  i'oMition. 


September  13tli 


I  September   14tli 


I      s 


8 

10 

Midn. 

a. 

4 

() 

8 

10 


Deg. 
Cent. 

13-0 

12-2 

12:2 

11(; 

12-2 

12-5 

12*2 

irc 


sJS 


u 

«i: 

«5 

c 

%< 

^^ 

35 

so 

lis 

^ 

"•s 

Deg. 
Cent. 

12-2 
12-2 
12-2 
12-5 
12-2 
12-2 
12-7 
12-7 


Date  and  PoHition. 


Abreast  of  Mull 


Noon. 

2 

4 

() 

8 

10 

Midn. 


Cont. 

12-7 
14-4 
14-4 
130 
130 
12-5 
12-0 


pi  a» 

^"3 


Dc«. 

Cent. 

13-0 
13-3 
13-3 
12-7 
13-3 
13t) 
130 


II.  Surface  Temperatures  observed  during  the  Summer  of  1870. 


Date  and  Pi»siitiun. 


JulyGth   . 


July  7th 


2 

2§  i 

t 

^i 

s 

3-5 

3 

s=«a 

, 

♦i  l: 

■**  u 

a 

♦"  %1 

"*-•  K 

s5 

c| 

25 

eI 

o 
i        *^        ' 

Date  and  Positivin. 

C 

0;  < 

1-5 

1 

1/ 

«;■» 

V 

C  OQ 

H 

1 

DcK.     1 

^  c 



H 

^"Z 

I>e«. 

1 

Deg. 

Deg. 

1 

Cent. 

Cent. 

1 

Cent. 

Cent. 

2 

13-9 

12-2 

July  7th  ..     . 

1                ^ 

6 

19-4 

16-4 

4 

14-4 

12-7 

. 

8 

17-2 

16-1 

(> 

13*9 

12-5 

10 

16-9 

16-4 

8 

14-7 

14-7 

Midn. 

1(50 

16-4 

10 

15-3 

13<i 

July  81  h   .     .     . 

2 

16(5 

161 

s    '  Noon. 

18() 

18-3  ; 

4 

1(51 

161 

2 

19-7 

17-4 

(5 

l(>-9 

16-1 

4 

lJ>-4 

18-3 

8 

19-1 

16-2 

(5 

18-9 

18-3 

10 

20-8 

16-1 

8 
10 

17*4 
1(;() 

17-7 
17-2 

;  Lat.     4H^3l'  N.  \ 
Loiiif.  10^  6'\V.  1 

Noon. 

196 

17-2 

Midn. 

1()-1 

.  17-2 

1 

2 

20-0 

17-5 

2 

l(i« 

16(5 

1 

4 

lH-6 

17-5 

4 

lO-O 

16-6 

1 

1 

6 

19-1 

17-5 

6 

1(5-6 

16*6 

8 

17-7 

17-2 

8 

l()-9 

16-9 

10 

1(5-9 

17-2 

10 

17-7 

16-4 

Midn. 

l(5-(5 

16-9 

i 

Noon. 

18-3 

16-4 

'  July  9th  .     .     . 

2 
4 

16-1 
16-6 

16-9 
16-6 

2 

19*4 

16*4 

(? 

1(5-1 

16-6 

4 

18-9 

!  17-2 

« 

16-1 

16-6 
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! 

g 

• 

H 

• 

3 

=  ^      ! 

^  ^        i 

E  3       1 

Date  and  Position. 

1 

^ 
B^ 

S.1 

Date  and  Ptwitiou. 

1 

So 

Si  ^i 
2il 

Q* 

V  OQ 

i. 

t » 

1 

H 

^^ 

_ 

^^ 

Deg. 

Deg. 

Deg. 

Deg.     . 

Cent 

Cent. 

Cent. 

Cent. 

July  9th  .    .     . 

10 

17-5 

16-6 

July  12th      .     . 

6 

17-9 

18-0 

Lat.  48"  26'  N.    ) 
Long.  9°  43'  W.  ] 

Noon. 

17-5 

16-6 

10 

16-6 
16-6 

18-0 
17-2 

1 

2 

16-4 

16-6 

Midn. 

16*6 

17*7 

! 

4 

17-2 

16-6 

July  1 3th      .     . 

2 

17-2 

17-7 

6 

l(>-4 

16-6 

4 

17*5 

18-3 

8 

16-4 

10-1 

(> 

17-7 

17-7 

10 

l()-6 

16-6 

8 

18-6 

17T) 

Midn. 

16-1 

16-4 

10 

18-9 

17-7 

July  10th      .     . 

2 
4 

16*1 
16-4 

16-6 
16-4 

I.at.  44"  59'  N.     ) 
Long.  9^33' W.    ) 

Noon. 

19-7 

18-2 

(> 

16-6 

16-4 

2 

21-1 

18-9 

8 

l()-4 

16-4 

4 

22r) 

18*9 

10 

17-3 

16-6 

, 

6 

211 

18-3 

Lat.  48''  28'  N.     ) 
Long.  9' 42' \V.    \ 

Noon. 

16-1 

16-6 

i 

8 
10 

17T> 
17*5 

18-3 
180 

2 

17-7 

16-9 

1 

Midn. 

17-2 

18-0 

4 

19-4 

16-9 

July  14th      .     . 

2 

17-7 

17-9 

6 

19-C 

16*6 

4 

17-2 

17*2 

8 

16*2 

16*6 

6 

16*9 

161 

10 

161 

16-1 

8 

18-3 

16-1 

Midn. 

16-1 

161 

10 

18-6 

15-5 

July  nth      .     . 

2 

16*1 

16-6 

Cape  Finisterrc,  ) 
E.  N.  N.         [ 
10  miles  .     .  ) 

4 

16-4 

16-4 

Noon. 

18-6 

15  8    ; 

6 

16-4 

161 

8 

18-3 

161 

2 

18-6 

15-8 

10 

18-6 

16-6 

■ 

4 

191 

15-8 

Lat.  48"    8'  N.    ) 
1  Long.  9"  18'  W.    ( 

Noon. 

18-6 

16-9 

6 

8 

17-5 
16*() 

15-8 
15-5 

; 

2 

18-4 

17*2 

10 

16-i) 

15-8 

1 

4 

191 

17-3 

Midn. 

16-6 

16*1 

1 
1 

6 

17-3 

17-4 

July  15th      .     . 

2 

16-C> 

161 

i 

8 

16-6 

16*6 

4 

16-6 

16-6 

10 

17-2 

17-2 

6 

17-5 

16-4    • 

Midn. 

17-2 

17-7 

8 

18-3 

16-9    1 

July  12th      .     . 

2 

17-2 

17-7 

10 

18*9 

17-2    ; 

1 

4 
6 

17-7 
17-4 

17-7 
180 

L;\t.  42"  11'  N.     ) 
Long.  9'  13'  W.    S 

Noon. 

20-0 

16-4    i 

1 

: 

8 

17-7 

18-3 

2 

22-3 

17*5    , 

' 

10 

18-6 

18-0 

4 

21-2 

17-9 

Lat  46'  2(r  N.    ) 
Long.  9"*  31'  W.   ) 

Noon. 

19-1 

18-2 

(>     < 

8 

190 
17-9 

18-9 
18-9 

2 

19-4 

18*0 

10 

17-7 

18-9 

4 

17-7 

18-0 

Midn. 

18-9 

19-3 
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1 

i. 

35 

1 

1 

1 

i 

! 

s 

p 

■ 

.    05 

1 

3 

H 

25 

1 

j          i 

H 

2  2 

Diite  and  Posit  ion. 

s 

i      Date  and  Position. 

1 

0 

So 

SCO 

h 

fi 

gao 

it 

V  M 

^ 

^  0 

H 

1     H^      , 

Deg. 

Di-g. 

1  " 

I)eg. 

I>eff. 

Coiit. 

Cent. 

CVnt. 

Cent. 

July  16th      .    . 

2 

15-5 

190 

July  19th      .    . 

2 

20-3 

18-0 

_ 

4 

17-2 

18*9 

• 

4 

20-3 

18-0 

« 

18-3 

17-9 

6 

19-5 

17-9 

8 

20*1 

19-4 

H 

19-4 

18-3 

10 

23*2 

17-9    ; 

10 

18-9 

18-4 

At  Vigo    .     .     .     : 

N^oon. 

23-(3 

17-8 

Midn. 

18-6 

18-4 

2 

23(3 

17-9 

July  2()th      .     . 

2 

18-3 

18-3 

4 

23-4 

18-0 

4 

18-3 

18-3 

6 

2r() 

17*2 

6 

19-4 

18-4 

1 
1 

8 

lH-4 

l(i-l 

■ 

8 

24*4 

18-9 

1 

10 

17-7 

KJ-fi 

10 

23-3 

20*5 

July  17  th      .     . 

Midn. 
2 

17-2 
17-7 

1()9 
1()-1 

Lat.  40'    0'  N.   j 
Long.  9^^  49' W.    i 

Noon. 

24-4 

211 

■ 

4     i 

17-5 

l()-5    ! 

2 

25-5 

21  1 

() 

17-7 

l()-()    ' 

: 

4 

26-3 

21-8 

8 

19-7 

i(;-4 

i 

() 

23-3 

21-8 

10 

22-2 

1()-1 

, 

8 

21-6 

19-7 

At  Vigo    ... 

NOOD. 

32-2 

16*4 

10 

21-3 

20-8  ; 

2 

2H-6 

l()-9 

Midn. 

21*3 

20-5 

■ 

4 

25-8 

15-8 

July  2l8t .     .     . 

2 

21-1 

20-5 

« 

22-5 

16-4 

4 

21-6 

19-7 

>^ 

20-8 

1«*4 

6 

23-3 

18-9 

10 

20-0 

lG-5    i 

8 

22-7 

19-4 

Midn. 

18-6 

l(>-2    • 

10 

24-5 

19-4    ; 

July  Ibth      .     . 

2 

4 

18-3 
17-7 

ie;-4  : 

Lat.  39°  39'  N.    ) 
Long.  9"^  36'  W.    j 

Noon. 

25-5 

19-4    , 

1 

() 

18-9 

1(>*1 

2 

25-0 

19-4    ' 

8 

19-4 

1()G 

1 

4 

23-9 

19*7 

1 

10 

18-9 

1 

6 

21-8 

19*4 

Lat.  4r  55'  N.    ( 
Long.  9^30' W.    \ 

Noon. 

191 

lG-2 

8 
10 

201 
19*6 

19-4 
19-4 

1 

2 

18*6 

16-3 

Midn. 

19-5 

191 

4 

18-9 

16-3 

July  22nd     .     . 

2 

19-4 

18-9    ! 

i 

() 

18-9 

16-4 

4 

181) 

18-9 

8 

18-3 

16*6 

6 

200 

18-2 

10 

18-3 

16*6 

8 

21-2 

18-3 

Midn. 

17*7 

16-4 

10 

25  0 

19-4 

July  I9th      .     . 

2 
4 

17-7 
17-7 

16-9 
16-9 

Tlie      Farilhoes,  ) 
S.S.E.  5  mUes  \ 

Noon. 

250 

18-9 

(5 

19-4 

16  9 

1 

2 

23-9 

19-1    1 

8 

20-8 

17T) 

1 

4 

23-3 

20-5    ■ 

10 

20-1 

17-7 

1 

6 

23-9 

19-4 

Lat.  4(r  irr  N.  ) 

Long.  9"  3:3' W.    i 

NooD. 

20-3 

17-9 

• 

8 
10 

20-0 
18*9 

19-4    i 
18-3    ' 
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' 

1 

1 
1 

t 

1 

1 

1 

1 
1 

ti 

' 

1 

m^ 

=  5 

a 

35 

• 

DaU*  and  PoHitidU. 

1 

1 

■  *< 

1      4* 

il  ■ 

Date  and  PosltiiMi. 

3 

4< 

1 

1 

'     H 

1 

H 

^c 

1 

Dfg. 

J)»'K. 

n^^R. 

Deg. 

1 

■ 

Cent 

Cent. 

Cent 

Cent. 

July  22n(l     .     . 
July  23rd      .     . 

Midn. 
2 

1!)*1 
181) 

18-0 

18T) 

Lilt.  38'  17'  N.    / 
Long.  9'  23'  \V.    ( 

Noon. 

20-0 

18-9    1 

4 

19*3 

19-4 

I 

2 

200 

191 

() 

2i)-r> 

18-3 

i 

I 

4 

20-0 

191 

8 

23-3 

20T) 

1 

() 

20*0 

19-4 

10 

24*7 

22-0 

8 

19-4 

191 

At  Lisbon     .     . 

Noon. 

22-5 

211 

10 

20-0 

191 

2 

23() 

191 

Midn. 

20-0 

19-0 

4 

2I() 

20-0    . 

July  27th      .     . 

2 

19-4 

19-1 

6 

23-0 

21-0    ' 

1 

4 

19-4 

191 

8 

20i3 

20-3 

1 

() 

19-4 

191     . 

11) 

liiT) 

191    . 

8 

20-0 

19*0 

Midn. 

20*1 

19-.^>    1 

1 

10 

21-3 

20-0 

July  24th      .     . 

2 
4 

lI)-4 
19-4 

18-C 
20T) 

1  Ljit.  37^  18'  N.   ) 
Long.  9' 12' \V.     \ 

Noon. 

211 

20-3 

6 

20-1 

21-6 

2 

23-3 

20-5    ' 

8 

20-8 

20-8 

4 

211 

20-(5    1 

10 

21-2 

20-1 

() 

20'0 

20-7 

At  Lisbon     .     . 

Noon. 

241 

19-4 

8 

20*0 

20-5 

2 

23() 

20-5 

H) 

19-4 

20*5 

4 

22*1 

2t)-l 

Midn. 

19*5 

20-8 

(> 

22-2 

21-2    , 

July  28th      .     . 

2 

19-4 

20-3    ' 

8 

2i)-5 

21-4 

4 

19-4 

20-5 

l;> 

I'O'O 

20-0 

(5 

1.9- 1 

200    ■ 

Midn. 

1I)*4 

197 

8 

21-1 

21-1    1 

July  2r)th      .     . 

2 

1J)-1 

ijo-o 

10 

21*1 

212 

t 

lJ)-0 
2.)-3 

20*0    ■ 

191     '■■ 

;  Lat.  3(5'  r);V   N. 
Long.  8^  44'  W. 

Noon. 

21-8 

21-3 

8 

20-4 

19-4 

2 

21-6 

21-6 

10 

20*8 

191 

4 

21(5 

22-0    1 

Tjit.  3S    10'  N.    / 
Long,  ir  21/  W.    j 

Noon. 

1 

21-8 

19-4 

(5 

8 

20*5 
18-9 

20-5 
2;)-0 

!      2 

211 

19-4    ! 

10 

18-9 

19-4 

4 

20-8 

19*4 

Midn. 

1815 

19-1 

() 

2I-(> 

19-4 

July  29th      .     . 

2 

18-3 

19-7 

8 

20-0 

18-0 

4 

18-3 

19-7    ; 

10 

IHT, 

17-7 

(> 

211 

21(5    . 

Midn. 

18-0 

17-7 

8 

22*1 

22-4  : 

July  2(ith      .     . 

2 

18-3 

17-4 

10 

23-0 

22*2    ! 

4 

lS-3 
1J)-1 

17-7 
191 

Tijit.  3(;  4;V  N.    ) 
Long.  8^    8'\V.    ) 

Noon. 

23-3 

22-5 

H 

ll>-4 

191 

2 

23-3 

22*3 

10     , 

20-3 

19-3 

4 

24-8 

231 
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Date  and  PuMitioii 


July  L>i)th      . 


July  3()lli 


Lj\t.  3(r  27'  N.     ) 
L(»n;r  {\  WS  \V.    S 


July  ;Jlst 


At  (^mHz  .     . 


Anmist  1st 


'  At  Cadiz 


Auffust  2n(l 


k>4 

a 
g.b 

1 
1 

1>:it(>  and  PtKtitiwn. 

Cent 

(>Mt. 

1 

(> 

22*2 

22-5 

Au;;ust  2nd  .     .     i 

8 

211 

22-3 

H) 

211 

21(> 

Lilt.  3(r  18'  N.    / 

Midu. 

20-r) 

2l-(> 

Lou^.  (r  4;-/  W.    j 

2 

20-3 

21-1) 

4 

2  >-5 

22-2 

1 

(i 

2i)r) 

22-H 

8 

22*4 

22-.') 

10 

23-3 

221) 

Noon. 

2:i{) 

23- 1 

Auj,mst  3rd    .     . 

2 

2.")-3 

24-1 

1 

4 

22:> 

241 

1 

(i 

22S 

24*2 

1 

8 

2  IT, 

24- 1 

! 

10 

-21  (i 

24-3 

1^1 1.  35   31)'  N.    / 

Midu. 

2  IT) 

24-3 

Lon^X-  "'    4'  W.    ) 

2 

21*1 

22h 

1 

1                                  j 

4 

'2\V 

23-3 

1 

(» 

2 11) 

231) 

h 

22-.') 

24- 1 

10 

24:> 

231) 

Noon. 

25-2 

24-,) 

1 

2 

2.*)1 

24- 1 

Auf,n»«t  4tli    .     . 

4 

24'.) 

24-3 

{\ 

24-0 

24-4 

' 

H 

23-4 

24-4 

10 

227 

24- 1 

Midn. 

22-:) 

241 

r^it.  35'  35'  N.    / 

o 

223 

23!) 

Long.  <r  24'  W.    )  ; 

4 

2l() 

22H 

(> 

22--) 

23!) 

8 

24-4 

241 

10 

241 

24-4 

Noon. 

23J» 

24-7 

2 

23() 

24-4 

4 

23G 

24-4 

October  1st   .     . 

« 

2l'(\ 

23-3 

8 

2  If) 

23() 

10 

2r() 

•  231) 

Midn. 

21-8 

231) 

1 

2 

21!) 

23-3 

In      Stniit       of  / 

4 

21-3 

23-0 

(fil»niltar   .     .  \ 

(i 

-21 'ii 

2;j-3 

£ 

9 


Air 


8 
10 

Noon. 

4 
() 

8 

10 
Midn.  i 

4 

(» 

8 

H) 


Dc 

Cent 

21-7 
'2'2'H 

22-8 

22-5 
22'7 
21*8 
21*2 
2 1  -3 
21*1 
20-5 

20-5 
21vS 
23-7 
23-3 


Noon.!  21  V> 


2 

22<i 

22-2 

4 

24- 1 

22-2 

() 

23-2 

22-2 

8 

21-8 

22-2 

10 

21-8 

22-0 

Midn. 

22-5 

22-0 

2 

22-2 

22-2 

4 

2'2'± 

22-2 

V) 

23-2 

22*2 

8 

23!) 

22-2 

10 

24*4 

23-3 

Noon. 

25-0 

233 

2 

27-2 

23-4 

4 

25G 

23-3 

() 

24-4 

23-3 

8 

22*2 

21-8 

10 

22-2 

22-0 

Midn. 

22-2 

22-2 

17*4 

181) 

4 

17-8 

18-9 

<) 

18-0 

18-0 

8 

1!)*4 

17-9 

10 

221 

21-5 

Noon. ; 
2 


23-3 
24- 1 


o 


C(>iit. 

23-2 
24*4 

23-0 

23() 
23-0 
228 
22*2 
22-5 
22-2 
22() 
22-0 
22-8 
22*2 
21-8 

220 


22-2 
23-4 
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~ 

" 

c 

Si 

• 

^    . 

i| 

• 

^•c 

e5 

£5 

s 

ES 

E5 

Date  and  Position. 

Date  and  Position 

1 

Xj 

t  ^ 

^ 

a>  30 

D.'K. 

-   — 

— 

H 
Deg. 

^^ 

I)«V. 

CViit. 

QMlt. 

tvnt. 

Cent. 

October  1st  .     . 

4 

22r> 

22*8 

October  5th  .     . 

2 

lS-3 

18*9 

(> 

22-0 

22() 

4 

IHG 

19*4 

H 

211 

22*5 

() 

17*5 

18*3 

\<\ 

21') 

22*2 

8 

17*2 

17*2 

Midu. 

2;)-h 

22*f> 

10 

19*8 

18-3 

October  2nd  .     . 

2 

211 

22'8 

Tint.  43"  33'  N.   ) 

^X 

4 

22-3 

23*3 

Long.  9     3'  \V.    S 

Noon. 

20*0 

17*7 

6 

22<> 

22*9 

0 

20-5 

191 

8 

24-7 

23*2 

4 

19-8 

19*3 

10 

24-7 

23*3 

() 

18*3 

19*4 

T^t.  36"  27'  N.    1 
Long.  8^31' W.   i 

Noon. 

211 

23*3 

8 
10 

17*9 
18-5 

18*6 
19*4 

2 

22*6 

23*4 

Midn. 

18-3 

18*9 

4 

23-7 

23-0 

October  Cth  .     . 

2 

ISl 

19*4 

(> 

20-5 

22*5 

4 

18-3 

191 

ft 

li^'y 

20*5 

6 

18*3 

18*9 

10 

20-5 

20*8 

8 

ls*9 

18*8 

Midn. 

20-5 

21*6 

10 

20*1 

18*6 

October  3rd  .     . 

•) 

20*0 

211 

Lilt.  40'  12'  N.    / 

■%,▼ 

4 

19-4 

18*3 

Lon^r.  8     h' W.    s 

Noon. 

20*0 

18*4 

0 

11)1 

20-5 

0 

*« 

19*5 

18-6 

8 

18-3 

20-8 

4 

19*3 

18*4 

10 

18(> 

20-5 

(5 

lS-3 

18-0 

Lat.  3ft'  39'  N.    ) 
Long.  J)"  :J()'  W.    \ 

Noon. 

22'2 

20-3 

ls-3 
17*9 

18-3 
18*3 

'2 

21() 

20-5 

Midn. 

18*3 

17*7 

4 

211 

21*1 

October  7th  .     . 

*2 

18*2 

16*6 

() 

20-5 

20-G 

4 

17-0 

1()*() 

S 

20M) 

19-8 

<) 

1()*7 

16*6 

l;) 

20*(> 

20-3 

s 

1C*() 

17-2 

Midn. 

20-") 

20*5 

10 

17*5 

17*2 

()ctol)er4th  .     . 

2(^-8 

21*1 

Lat.  4s  51'  N.    ^ 

■%.■▼ 

«   Mb     m 

4 

2i)<) 

21*1 

r 

Long.  5'  54'  W.    \ 

Noon. 

17*5 

17*0 

(i 

211 

211 

2 

17*7 

16*9 

8 

2 10 

21*5 

4 

17*7 

13*6 

10 

22'2 

21-0 

(> 

15*3 

13*6 

Lat.  4()=  57'  N.    ) 
Long,  f)   '1\¥  \V.    \ 

Noon. 

22*2 

21*9 

8 
10 

14*7 
15*3 

14*1 
14*4 

o 

22J) 

211 

Midn. 

101 

1 5*5 

4 

22*2 

210 

October  8th  .     . 

0 

15*5 

15*5 

<) 

200 

20*5 

4 

150 

15*8 

8 

20-3 

20*4 

(> 

15*G 

16*0 

10 

18-9 

19*4 

8 

16*1 

16*1 

Midn. 

19-3 

19-4 

10 

16*6 

16*4 

„        I 
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Date  and  Position. 


c 

n 


£ 


1-^ 


H 


Dec- 
Cent. 


St.  AUvin's  Hd., ) 

Eni,'lish  Chan-  [   Noon.    18*6 

nel    .     .     .     .  ) 

2     i  19-5 
4     i  16-6 


n 


Date  and  Posilion. 


Dejf. 
Cent. 

lG-2 


,  October  8tli  . 


1<5()       At  Cowes 
15-8 


g 

si 

1^ 

h 

o 

Tempo] 
of  i 

11 

Dejf. 
Cent. 

Deg. 

Cent 

6 

150 

15-8 

8 

147 

157 

10 

15-5 

15(» 

Midn. 

15-3 

15-5 

3r)2 
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APPENDIX  B. 


Teinj)rrah()r  of  the  Sra  at  different  DepfJfn  near  the  Eastern 
Margin  of  the  North  Atlantic  Basin,  as  ascertained  hif  Serial 
and  by  Bottom  Soundings, 


Ski 

UAL  Soundings. 

Teinpc- 

Teiiii»e- 

Bottom  Soundinos. 

T^iipo-  Temiw-'Teiniw- 

Tunii>e- 

Toinpe-' 

St  ft-  ! 

' 

Surfiioe  ' 

HotUiKi 

Dtiptli. 

nituru.  1 

raturc.  rut  u re 

ratur«, ! 

latuitj. 

mtuiv. 

ratun*. 

tioii. 

Depth. 

Teinpr- 

Ti'Hi|H;- 

SiT.  2;v 

Ser.  4-_>.  Ser.  22. 

Ser.  U». 

Ser.  20 

K.»r.  21. 

S«T.  'M. 

No. 

nitiin*. 

rature. 

D.-K'. 

Dcg.       Dix- 

I>ep. 

l>eg.    ! 

Dej;. 

DtK- 

FniR.  ; 

Cent. 

Cent       CVnt, 

Ont. 

Cent. 

CVnt. 

Cent. 

Fni8. 

Ccut. 

CVnt. 

0 

14-0 

17  0       13-8 

1*2-6 

13-0 

13-4 

17-7 

50 

•  •  • 

11-8  : 

27 

54 

131 

90 

1 
1 

84 

:75 

18-9 

9  8 

■ 

6 

90 

12-2 

100 

j     35 

96 

17-4 

10-7 

100 

9  1 

10-6 

8 

1     24 

Kifi 
1(19 

12-3 
14-3 

10-6 

8-0 

150 

•  •  • 

10-5 

1 

7 
14 

18 

159 
173 
183 

11-8 
118 
11-8 

10-2 
97 
9-6 

200 

8-9 

10-2 

13 

20S 

12  0 

9-7 

250 

■  •  • 

10-1 

91 

8-9 

91 

90 

10-2  . 

4 

251 

120 

9-7 

300 

8-7 

9-7 

1     26 

345 

141 

81 

850 

••. 

9-5 

1 

370 

12-2 

9-4 

400 

8-6 

9-1 

1 

15 

422 

11-2 

8-3 

450 

•  •  • 

8-6 

45 

458 

15-9 

8-9 

500 

7-7 

8-5 

81 

81 

8-3 

8-(; 

8-8 

40 

517 

17-4 

8-7 

550 

•  •  • 

8-0 

39 

557 

17-2 

8-3 

6(M) 

6-9 

7-5 

41 

584 

17-4 

8-0 

630 

6-3 

1 

650 

6-8  ' 

23/; 

664 

141 

5-3 

700 

1 

•  • 

0-4  ' 

1 

t 

1 

1 

12 

3 

36 

670 
725 

11-2 
12-5 
17-7 

5-9 
61 
6-6 

750 

•  •  • 

^'^  ;     5-5 

51 

1     5-3 

5-7 

5-2 

800 

•  w  ■ 

b'b 

1 

'      2 

808 

12-3 

5-2 

1 

1 

1 

16 

816 

11-6 

4-1 

8()2 

•  •  • 

4-3  , 

44 

865 

16-2 

4-1 

lOuO 

•  •  • 

•  ■  • 

3  7 

36 

3-7 

1 

8-6 

3-5 

43 
28 
17 

1207 
1215 
1230 

16-5 
14-2 
11-8 

31 
2-8 
3-2 

1250 

•  •  • 

... 

•  •  • 

... 

1     31 

32 

31 

29 

1264 

13-8 

2-7 

1300 

»                        1 

(                        1 

1 

1 

32 

13 ->0 

13-3 

30 

1360 

•  • 

■  •  • 

•  •  • 

8-0 

30 

1380 

13-3 

2-8 

1400 

1 

1443 

•  •  • 

•  •  • 

■  •  • 

•  ■  • 

2-7 

1 

1 

1476 

•  •  • 

•  •  • 

•  •  • 

•  ■  ■ 

•  •  • 

2-7 

1 

1 

150;) 

«  •  • 

•  •  • 

... 

... 

•  ■  • 

29 

1 

1750 

•  •  ■ 

a  •  • 

•  •  ■ 

... 

•  •  • 

2-6 

( 

20J0 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

2  4 

1     37 

2435 

18-6 

2-5 
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APPENDIX   C. 


Comparative  Rates  of  Reduction  of  Temperature  with  Increase  of 
Depth  at  T/iree  Stations  in  different  Latitudes,  all  of  them  on 
the  Eastern  Margin  of  the  Atlantic  Basin. 


Depth. 

Station  42. 
Lat.  40°  12*. 

Statioiv  23. 

Lat.  56°  13'. 

1 

Station  87. 
Lat.  69°  35'. 

Tempera- 
ture. 

DiflTcrenee. 

Tempera- 
ture. 

Difference. 

j 

Tempera- 
ture. 

Difference. 

Fathoms. 

Surface. 
100 
200 
300 
400 
500 
600 
750 
767 

17°-  0  C. 

10-6 

10-2 

9-7 

9-1 

8-1 

7  -6 

5-8 

1 

6°-  4  C. 
0-4 
0-5 
0-6 

1  -0 

0-6 
1-7 

1 
1 

14°-  0  C. 

! 

91 

1 

8-9 
8-7 

1 

1 

8-6 

7-6 

6-9 

1 
I 

4°-  9  C. ' 

0-2 

0-2 

0-1 

1 

1-0 
0-7 

ir-4C. 

8-5 
8-2 
8-1 
7-8 
7-3 
61 

5-2 

2°-  9  C. 

0-3 

0-1 

0-3 

0-5 

1  -2 

0-9 

A  A 
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APPENDIX  D. 


Temperature  of  the  Sea  at  different  Beptha  in  the  Warm  avd 
Cold  Areas  lying  between  Oie  North  of  Scotland,  the  S/ietland- 
Islands,  and  the  Faroe  Islands;  as  ascertaitied  hy  Serial  and 
bff  Bottom  Soundings. 


N.B.— The  Romi 


Warn  Abu. 

Coui  Abza. 

SrrtnST. 

No. 

Depth. 

\tm^- 

K? 

B.ri««. 

B*r.  6!. 

Bta- 

Surf-™ 

ntore. 

D.q.th. 

^ 

■ItapUL 

TsmiB- 

Trmpe- 

Depth 

Tempo 

Dob. 

Otx. 

D=8. 

Dfg. 

t)=g. 

" 

ncn. 

.P*?- 

Pmi. 

Fiiu. 

Cent. 

Cut. 

tVdt 

Fnu. 

Cent. 

Cent 

0 

11* 

0 

9-8 

11 -1 

60 

e-B 

73 

84 

lis 

B'8 

60 

7-6 

91 

70 

66 

110 

7  3 

80 

92 

118 

S-6 

89 

67 

11-9 

6-5 

103 

S'S 

100 

7-2 

8 '6 

es 

76 

]l-4 

B-e 

71 

103 

11-6 

S-2 

114 

10'2 

73 

81 

U2 

11-8 

9-5 

126 

97 

7-0 

ISO 

B-3 

81 

155 

12-8 

B-6 

160 

a-2 

80 

eo 

167 

9-7 

6-8 

86 

180 

lai 

62 

IX. 

170 

11  1 

6-0 

200 

8-S 

7* 

203 

31-4 

8-7 

200 
2.iO 

4-2 
1-2 

7E 
3-6 

300 

81 

300 

0-2 

-0-7 

63 

317 
346 

344 

9-4 
11-1 
10-2 

-10 
-1-8 
-1-3 

EO 

355 

11-4 

7-9 

360 

-(.■3 

64 

363 

11* 

-03 

W 

Vi 

liil 

7-7    ' 

384 

-0-8 

400 

7-8 

89 

U5 

11-7 

7-6 

4()0 
469 

-06 
-0-8 

88 

" 

12-0 

-1-1 

90 

iSS 

11 7 

7'3    1 

61 

480 

11-4 

-07 

« 

476 

1-2 -0 

7'4 

63 

49) 

n-2 

-1-1 

500 

7-2 

BOO 

-11 

X. 

600 

10-5 

-07 

XIL 

£sn 

11 '4 

7-1 

■fiS 

641) 

10-8 

-07 

<7 

649 

12'2 

(i-5 

VIII. 

650 

11'6 

-1-3 

XV. 

670 

11-1 

" 

GSn 

-I'l 

77 
69 

6m) 
680 

10-6 
11-8 

-1'3 
-1-5 

m 

S-1 

eoo 

-1-2 

xvir. 

C.W 

111 

fl-3 

56 

606 

111 

-18 

XIV. 

050 

ne 

6-8 

640 

-1-4 

67 

632 

IM 

-0-8 

700 

88 

705 

11-9 

6 '9 

767 

6-2 
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APPENDIX  E. 


IiUcmiediate  Bottom  Temperatures^  showing  the  Intermixture  of 
Warm  arid  Cold  Currents  on  the  Borders  of  the  Warm  and 
Cold  Areas, 


station. 
No. 


72 
79 
73 
71 
74 
66 


Depth. 


Fathomi. 
76 

76 

84 
103 
203 
267 


Surface 
Tempera- 
ture. 

Bottom 
Tempera- 
ture. 

Dcg. 
Cent 

11-3 

Deg. 
Cent 

9-3 

11-2 

9-3 

11-6 

9-3 

11-6 

9-2 

1V4 

8-7 

11-4 

7-6 

station. 
No. 


75 

78 
82 
83 


15 


Surface 

Depth. 

Tempera- 
ture. 

Fathonui. 

Deg. 
Cent. 

250 

10-8 

290 

11-2 

312 

11-3 

362 

11-8 

440 

10-9 

Bottom 
Tempera- 
ture. 


Deg. 
Cent. 

6-5 
6-3 
61 
30 


5-6 
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CHAPTER  VIII. 

THE     GULF -STREAM. 

The  Eange  of  the  'Porcupiue*  Temperature  Observations. — Low 
Temperatures  universal  at  great  Depths. — The  Difficulty  of  in- 
vestigating Ocean  Currents. — The  Doctrine  of  a  general  Oceanic 
Circulation  advocated  by  Captain  Maury  and  by  Dr.  Carpenter. — 
Opinion  expressed  by  Sir  John  Herschel. — The  Origin  and  Exten- 
sion of  the  Gulf-stream. — The  Views  of  Captain  Maury ;  of  Pro- 
fessor Buflf ;  of  Dr.  Carpenter. — ^The  Gulf-stream  off  the  Coast  of 
North  America. — Professor  Bache's  *  Sections.' — The  Gulf-stream 
traced  by  the  Surface  Temperatures  of  the  North  Atlantic. — Mr. 
Findlay's  Views. — Dr.  Petermann*s  Temperature  Charts. — Sources 
of  the  underlying  Cold  Water. — ^The  Arctic  Eetum  Currents. — 
Antarctic  Indraught. — Vertical  Distribution  of  Temperature  in 
the  North  Atlantic  Basin. 

All  the  temperature  investigations  carried  on  in 
H.M.S.S.  *  Lightning'  and  *  Porcupine'  during  the 
years  1868-69  and  1870,  with  the  exception  of  a 
series  of  observations  already  referred  to  taken  in 
the  Mediterranean  under  Dr.  Carpenter's  direction 
in  the  summer  of  1870,  were  included  mthin  an  area 
nearly  2,000  English  miles  in  length  by  250  in 
width,  extending  from  a  little  beyond  the  Feferoe 
Islands,  lat.  62"  SQT  N.,  to  the  Strait  of  Gibraltar, 
lat.  36°  N. 

The  greater  part  of  this  belt  may  be  described  as 
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the  eastern  border  of  the  North  Atlantic  fringing 
Western  Europe.  A  small  but  very  interesting  por- 
tion of  it  forms  the  channel  between  the  Faeroe 
Islands  and  the  North  of  Scotland,  one  of  the  chan- 
nels of  communication  between  the  North  Atlantic 
and  the  North  Sea ;  and  a  few  soundings  in  shallow 
water  to  the  east  of  Shetland  are  in  the  shallow 
North  Sea  basin.  It  is  evident,  therefore,  that  the 
greater  part  if  not  the  whole  of  this  belt  must  par- 
ticipate in  the  general  scheme  of  distribution  of 
temperature  in  the  North  Atlantic,  and  must  owe 
any  peculiarities  which  its  thermal  conditions  may 
present  to  some  very  general  cause. 

All  our  temperature  observations,  except  the  few 
taken  in  the  *  Lightning '  in  1868,  were  made  with 
thermometers  protected  from  pressure  on  Professor 
Miller's  plan,  and  the  thermometers  were  individually 
tested  by  Captain  Davis  at  pressures  rising  to  about 
three  tons  to  the  square  inch  before  they  were  fur- 
nished to  the  vessel ;  they  were  also  more  than  once 
reduced  to  the  freezing-point  during  the  voyage  to 
ascertain  tliat  the  glass  had  been  in  no  way  distorted. 
The  results  may  therefore  be  received  with  absolute 
reliance  within  the  limits  of  error  of  observation, 
which  were  reduced  to  a  minimum  by  the  care  of 
Captain  Calver. 

A  large  number  of  scattered  observations,  most 
of  which  have  unfortunately  been  made  with  instru- 
ments which  cannot  thoroughly  be  depended  upon 
for  accuracy  of  detail, — the  error,  however,  being 
probably  in  the  direction  of  excess  of  heat, — esta- 
blished the  singular  fact  that  although  the  tempera- 
ture of  tlie  surface  of  the  sea  in  equatorial  regions 
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may  reach  30''  C,  at  the  greatest  depths  both  in  the 
Atlantic  and  in  the  Pacific  the  temperature  is  not 
higher  than  from  2*"  to  4^  C,  sometimes  falling  at 
great  depths  to  0°  C.  I  quote  from  Mr.  Prestwich's 
able  presidential  address  to  the  Geological  Society 
for  the  year  1871,  a  table  of  the  most  important  of 
these  earlier  observations  in  the  Atlantic  and  the 
Pacific  '} — 

Temperatures  of  the  Atlantic. 


Latitude. 

Longitude. 

Depth 
in 

Temperature. 

Obsen'er  and  Date. 

FathH. 

Surface. 

16-7°  C. 

Bottom. 

42°    O'N. 

34°  40'  W. 

780 

6-6"  C. 

Chevalier. 

.    1837 

29     0 

34  50 

1400 

24-4 

6-1 

»       •    ' 

.   1^37 

7  21 

20  40 

505 

26-6 

2-2 

LeDz    .     . 

.   Ib32 

4  25 

26     6 

1006 

27-0 

3-2 

Tessan     .    , 

.    1841 

15     3S. 

23  14 

1200 

250 

41 

»          • 

.    1841 

26  10 

7  59  E. 

886 

19-6 

30 

»          •     ' 

.    1841 

29  33 

10  57 

1051 

191 

20 

>>          •    " 

.    1841 

32  20 

43  50 

1074 

21-6 

2-4 

Lenz    .     .     . 

.    1832 

38  12 

54  80  W. 

333 

16-8 

30 

Tessan     .     , 

.    1841 

Temperatures  of  the  Pacific. 


Latitude. 

Longitude. 

Depth 

in 
Fatlis. 

Temperature. 

Observer  and  Date. 

Surface. 

Bottom. 

2-5°  C. 

50 

4-8 

1-7 

2-5 

2-2 

5-4 

2-3 

51°34'N. 
28  52 
18     5 
4  32 
Equator. 
21  14  S. 
32  57 
43  47 

16r41'E. 

173  9 

174  10 
134  24  W. 
179  34 
196     1 
176  42  E. 

80     6  W. 

967 

600 

710 

2045 

1000 

916 

782 

1066 

11-8°  C. 

25-5 

24-7 

27-2 

300 

27-2 

16-4 

130 

Tessan  .  .1832 
Beechey.     .  1828 

„  .  .1836 
The'Bonite'  1837 
Kotzebue  .  1824 
Lenz  .     .     .1834 

„  .  .  .  1834 
Tessan    .    .  1841 

^  Address  delivered  at  the  Anniversary  Meeting  of  the  Geological 
Society  of  London  on  the  17th  of  February,  1871,  by  Joseph  Prest- 
wich,  F.R.S.     Pp.  36,  37. 
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To  these  may  be  added  the  observations  of  lieu- 
tenant S.  P.  Lee,  of  the  United  States  Coast  Survey, 
who,  in  August  1847,  recorded  a  temperature  of 
2°-7  C.  below  the  Gulf-stream  at  a  depth  of  1,000 
fathoms,  lat.  35'  26'  N.,  long.  73'  12'  W. ;  and  of 
Lieutenant  Dayman,  who  found  the  temperature  at 
1,000  fathoms  in  lat.  51'  N.  and  long.  40'  W.  to 
be  —  0°*4  C,  the  surface  temperature  being  12'"5  C. 
These  results  are  fully  borne  out  by  the  recent 
determinations  of  Captain  Shortland,  R.N.,  who 
observed  a  temperature  of  2°' 5  C.  in  deep  water  in 
the  Arabian  Sea  between  Aden  and  Bombay,^  by 
those  of  Commander  Chimmo,  R.N.,  and  Lieutenant 
Johnson,  R.N.,  who  found  at  various  points  in  the 
Atlantic  a  temperature  of  about  3'- 9  C.  at  1,000 
fathoms,  and  a  slow  decrease  from  that  point  to 
2,270  fathoms,  where  the  temperature  registered  by 
unprotected  thermometers  was  6''6  C,  reduced  by  the 
necessary  correction  for  pressure  to  about  1''6  C.,* 
and  finally  by  the  temperature  determinations  of  the 
*  Porcupine'  expeditions,  carefully  conducted  with 
protected  instruments,  but  not  carried  nearer  the 
tropics  than  the  latitude  of  the  Strait  of  Gibraltar ; 
and  they  appear  to  go  far  to  establish  a  nearly  uni- 
form temperature  for  abyssal  depths,  not  far  from 
the  freezing-point  of  fresh  water. 

As  it  was  evident  that  the  low  temperature  for 
deep  water  in  tropical  regions  could  not  be  acquired 

1  Sounding  Voyage  of  H.M.S.  '  Hydra,'  Captain  P.  F.  Shortland. 
London:  1869. 

^  Soundings  and  Temperatures  in  the  Gulf-stream.  By  Commander 
W.  ChimmOy  RN.  (Proceedings  of  the  Koyal  Geographical  Society, 
vol.  xiii.) 
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by  contact  with  the  surface  of  the  crust  of  the 
earth,  the  inevitable  conclusion  seems  to  have  been 
early  arrived  at  that,  if  such  temperatures  existed, 
they  must  be  due  to  a  general  oceanic  circulation, — 
to  surface  currents  of  warm  water  passing  towards 
the  poles,  and  compensating  counter-currents  of  cold 
water  from  the  poles  towards  the  equator.  Hum- 
boldt states  that  he  showed,  in  1812,  "  that  the  low 
temperature  of  the  tropical  seas  at  great  depths  could 
only  be  owing  to  currents  from  the  poles  to  the 
equator."  ^ 

D'Aubuisson,  in  1819,  also  attributed  the  low 
temperature  of  the  sea  at  great  depths  at  or  near 
the  equator  to  the  flow  of  currents  from  the  poles.* 

But  although  the  fact  of  the  existence  of  currents 
lowering  the  temperature  of  deep  water  in  equa- 
torial regions  was  admitted  by  various  authorities 
in  physical  geography,  little  light  was  thrown  upon 
the  causes  of  this  circulation.  Latterly,  the  whole 
subject  became  obscured  by  the  very  general  adop- 
tion of  the  doctrine  already  referred  to  of  a  perma- 
nent temperature  of  ^'^  C.  all  over  the  world  beyond 
a  certain  depth ;  and  it  was  not  until  the  publi- 
cation of  Captain  Maury's  fascinating  book  on  the 
'  Physical  Geography  of  the  Sea '  had  given  an  extra- 
ordinary stimulus  to  the  study  of  this  department 
of  science,  that  the  question  was  again  raised. 

It  was  natural  from  its  geographical  position,  and 
from  the  much  greater  opportunity  which  it  offered 
for  the  accumulation  of  the  almost  infinite  number 

^  Fragments  de  GeoL  «t  de  ClimatoL  Asiat.,  1831. 
2  Traits  de  Geognosie. — Qaoted  in  the  Anniversary  Address  to  the 
Geological  Society  of  London,  1871. 
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of  data  required  for  the  consideration  of  such  sub- 
jects,  that  the  basin  of  the  North  Atlantic  should 
be  selected  for  investigation,  more  particularly  as 
peculiarities  of  climate  seemed  there  to  be  limited  in 
space,  and  well  defined  and  even  extreme  in  character. 

It  seems  at  first  somewhat  singular  that  there 
should  be  any  room  for  question  as  to  the  causes, 
the  sources,  and  the  directions  of  the  ocean  currents 
which  traverse  the  ocean  in  our  inmiediate  neigh- 
bourhood, and  exercise  a  most  important  influence 
on  our  economy  and  well-being.  The  investigation 
is,  however,  one  of  singular  difficulty.  Some  currents 
are  palpable  enough,  going  at  a  rate  and  with  a  force 
which  make  it  easy  to  detect  them,  and  even  com- 
paratively easy  to  gauge  their  volume  and  define 
their  path;  but  it  seems  that  the  great  movements 
of  the  water  of  the  ocean,  those  which  produce  the 
most  important  results  in  the  transfer  of  tempera- 
ture and  the  modification  of  climate,  are  not  of  this 
character.  These  move  so  slowly  that  their  surface 
movement  is  constantly  masked  by  the  drift  of  vari- 
able winds,  and  they  thus  produce  no  sensible  eflfect 
upon  navigation. 

The  path  and  limits  of  such  bodies  of  moving 
water  can  only  be  determined  by  the  use  of  the 
thermometer.  The  equalizing  of  the  temperature 
of  bodies  of  water  in  contact  with  one  another  and 
differently  heated,  by  conduction,  diffusion,  and 
mixture,  is  however  so  slow,  that  M'^e  usually  have 
but  little  difficulty  in  distinguishing  currents  from 
different  sources. 

Up  to  the  present  time  little  had  been  done  in 
determining  the  depth  and  mass  of  currents  by  the 
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thermometer,  and  under-current s  were  practically 
unknown ;  but  the  limits  of  surface  currents  had 
been  traced  with  considerable  precision  by  observa- 
tions of  the  temperature  of  the  surface  of  the  sea, 
even  when  the  movement  was  so  slow  as  not  to  be 
otherwise  perceptible.  The  amount  of  heat  received 
directly  from  the  sun  may  be  taken  approximately 
to  depend  upon  latitude  only,  and  this  heat  is  in 
addition  to  the  heat  of  the  surface  water  derived 
from  other  sources,  whatever  these  may  be.  Observa- 
tions of  surface  temperature  accordingly  give  us  the 
heat  derived  directly  from  the  sun  in  the  region,  and 
the  heat  derived  from  the  same  source  during  the 
passage  of  the  water  to  the  region,  in  addition  to  the 
original  heat  of  the  water ;  if,  therefore,  the  water  of 
any  region  be  derived  from — that  is  to  say,  form  part 
of — a  movement  of  water  from  a  polar  source,  and 
if  the  surface  water  of  another  area  on  the  same 
parallel  of  latitude  form  part  of  an  equatorial  current, 
although  in  that  particular  latitude  they  receive  in 
both  cases  the  same  amount  of  heat  from  the  sun, 
there  will  be  a  marked  difference  in  their  tempera- 
ture. To  take  an  extreme  case ;  the  mean  tem- 
perature of  the  sea  in  the  month  of  July  oflF  the 
Hebrides,  in  lat.  68°  N.,  in  the  path  of  the  Gulf- 
stream,  is  13°  C. ;  while  in  the  same  latitude  oflF  the 
coast  of  Labrador,  in  the  course  of  the  Labrador 
current,  it  is  4°*5  C. 

The  distribution  of  surface  temperature  in  the 
North  Atlantic  is  certainly  very  exceptional.  A 
glance  at  the  chart  PI.  VII.,  representing  the  general 
distribution  of  heat  for  the  month  of  July,  shows 
that  the  isothermal  lines  for  that  month,  instead  of 
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tending  in  the  least  to  coincide  with  the  parallels 
of  latitude,  run  up  into  a  series  of  long  loops,  some 
of  them  continued  into  tlie  Arctic  Sea. 

The  temperature  of  the  bordering  land  is  not 
affected  to  any  perceptible  degree  by  direct  radia- 
tion from  the  sea ;  but  it  is  greatly  affected  by  the 
temperature  of  the  prevailing  winds.  Setting  aside 
the  still  more  important  point  of  the  equalization 
of  summer  and  winter  temperature,  the  mean  annual 
temperature  of  Bergen,  lat.  60°  24'  N.,  subject  to 
the  ameliorating  influence  of  the  prevailing  south- 
west wind  blowing  over  the  temperate  water  of  the 
North  Atlantic,  is  6°-7  C. ;  while  that  of  Tobolsk, 
lat.  58°  13'   N.,  is  -  2°  4  C. 

But  the  temperature  of  the  North  Atlantic  and 
its  bordering  lands  is  not  only  raised  above  that 
of  places  on  the  same  parallel  of  latitude  having  a 
*  continental  *  climate,  but  it  is  greatly  higher  than 
that  of  places  apparently  similarly  circumstanced  to 
itself  in  the  southern  hemisphere.  Thus  the  mean 
annual  temperature  of  the  Paeroe  Islands,  lat.  62°  2'N., 
is  7°'l  C,  nearly  equal  to  that  of  the  Falkland  Islands, 
lat.  52°  S.,  which  is  8°'2  C. ;  and  the  temperature  of 
Dublin,  lat.  53°  21'  N.,  is  9°-6  C,  while  that  of  Port 
Famine,  lat.  63°  8'  S.,  is  5°-3  C.  Again,  the  high 
temperature  of  the  North  Atlantic  is  not  equally 
distributed,  but  is  very  marked  in  its  determination 
to  the  north-east  coast.  Thus  the  mean  annual 
temperature  of  Halifax  (Nova  Scotia),  lat.  44°  39'  N., 
is  6°-2  C,  while  that  of  Dublin,  lat.  53°  21'  N., 
is  9°  6  C. ;  and  the  temperature  of  Boston  (Mass.), 
lat.  42°  21'  N.,  is  exactly  the  same  as  that  of 
Dublin. 
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This  remarkable  diversion  of  the  isothermal  lines 
from  their  normal  direction  is  admittedly  caused 
by  ocean  currents  aflfecting  the  temperature  of  the 
surface  while  conveying  the  warm  tropical  water 
towards  the  polar  regions,  whence  there  is  a  con- 
stant counterflow  of  cold  water  beneath  to  supply 
its  place. 

We  thus  arrive  at  the  well-known  result  that  the 
temperature  of  the  sea  bathing  the  north-eastern 
shores  of  the  North  Atlantic  is  raised  greatly  above 
its  normal  point  by  currents  involving  an  inter- 
change of  tropical  and  polar  water;  and  that  the 
lands  bordering  on  the  North  Atlantic  participate 
in  this  amelioration  of  climate  by  the  heat  imparted 
by  the  water  to  their  prevailing  winds. 

This  phenomenon  is  not  confined  to  the  North 
Atlantic,  although  from  its  peculiar  configuration 
and  relation  to  the  land  that  ocean  presents  the 
most  marked  example.  A  corresponding  series  of 
loops,  not  so  well  defined,  passes  southwards  along 
the  east  coast  of  South  America,  and  a  very  marked 
series  occupies  the  north-eastern  angle  of  the  Pacific 
oif  the  Aleutian  Islands  and  the  coast  of  California. 

Two  principal  views  have  been  held  as  to  the 
causes  of  the  currents  in  the  North  Atlantic.  One  of 
these,  which  appears  to  have  been  first  advanced  in 
a  definite  form  by  Captain  Maury,  and  which  has 
received  some  vague  support  from  Professor  BuflF,  is 
that  the  great  currents  and  counter-currents  of  warm 
and  cold  water  are  due  to  a  circulation  in  the  watery 
shell  of  the  globe,  comparable  to  the  circulation  of 
the  atmosphere, — that  is  to  say,  caused  by  tropical 
heat  and  evaporation,  and  arctic  cold. 
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It  is  not  easy  to  understand  Captain  Maury's  view. 
He  traces  all  ocean  currents  to  diflferences  in  specific 
gravity.  He  says :  "  If  we  except  the  tides,  and  the 
partial  currents  of  the  sea,  such  as  those  that  may  be 
created  by  the  wind,  we  may  lay  it  down  as  a  rule 
that  all  the  currents  of  the  ocean  owe  their  origin  to 
the  diflPerences  of  specific  gravity  between  sea-water 
at  one  place  and  sea-water  at  another ;  for  wherever 
there  is  such  a  diflference,  whether  it  be  owing  to  dif- 
ference of  temperature  or  to  difference  of  saltness, 
&c.,  it  is  a  difference  that  disturbs  equilibrium,  and 
currents  are  the  consequence."^  These  differences 
in  specific  gravity  he  attributes  to  two  principal 
causes ;  differences  in  temperature,  and  excess  of  salts 
produced  by  evaporation.  Captain  Maury  explains 
his  views  as  to  the  first  of  these  causes  by  an  illustra- 
tion. "  Let  us  now  suppose  that  all  the  water  within 
the  tropics  to  the  depth  of  one  hundred  fathoms  sud- 
denly becomes  oil.  The  aqueous  equilibrium  of  the 
planet  would  thereby  be  disturbed,  and  a  general 
system  of  currents  and  counter-currents  would  be 
immediately  commenced,  the  oil  in  an  unbroken  sheet 
on  the  surface  running  towards  the  poles,  and  the 
water  as  an  under-current  towards  the  equator.  The 
oil  is  supposed,  as  it  reaches  the  polar  basin,  to  be  re- 
converted into  water,  and  the  water  to  become  oil  as 
it  crosses  Cancer  and  Capricorn,  rising  to  the  surface 
in  intertropical  regions,  and  returning  as  before.'* 
"  Now,  do  not  the  cold  water  of  the  north,  and  the 
warm  water  of  the  gulf  made  specifically  lighter  by 
tropical  heat,  and  which  we  see  actually  presenting 

*  The  Physical  Geography  of  the  Sea,  and  its  Meteorology.     By 
^r.  T.  Maury,  LL.D. 
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such  a  system  of  counter-currents,  hold  at  least,  in 
some  degree,  the  relation  of  the  supposed  water  and 

"  There  can  he  no  douht  that  Maury  concludes 
that  the  waters  in  intertropical  regions  are  expanded 
hy  heat,  and  those  in  polar  regionsr  are  contracted  by 
cold,  and  that  this  tends  to  produce  a  surface-current 
from  the  equator  to  the  poles,  and  an  under-current 
from  the  poles  to  the  equator."* 

With  regard  to  increased  specific  gravity  produced 
by  excess  of  salt,  Captain  Maury  says, — 

"  The  brine  of  the  ocean  is  the  ley  of  the  earth. 
From  it  the  sea  derives  dynamical  power,  and  its  cur- 
rents their  main  strength."^  "  One  of  the  purposes 
which  in  the  grand  design  it  was  probably  intended 
to  accomplish  by  leaving  the  sea  salt  and  not  fresh, 
was  to  impart  to  its  waters  the  forces  and  powers 
necessary  to  make  their  circulation  complete."*  "  In 
the  present  state  of  our  knowledge  concerning  this 
wonderful  phenomenon  (for  the  Gulf- stream  is  one 
of  the  most  marvellous  things  in  the  ocean),  we  can 
do  little  more  than  conjecture.  But  we  have  the 
causes  in  operation,  which  we  may  safely  assume 
are  among  those  concerned  in  producing  the  Gulf- 
stream.  One  of  these  is  the  increased  saltness  of 
its  water  after  the  trade-winds  have  been  supplied 
with  vapour  from  it,  be  it  much  or  little ;  and  the 
other  is  the  diminished  quantum  of  salt  which  the 

^  Captain  Maury,  op.  cit. 

2  On  Ocean  Currents.  Part  III.  On  the  Physical  Cause  of  Ocean 
Currents.  By  James  Croll,  of  the  Geological  Survey  of  Scotland. 
(Philosophical  Magazine,  October  1870.) 

^  Captain  ^laury,  op.  cit.  *  Ibid. 


CHAP.  VIII.]  WE  GULF-STREAM.  367 

Baltic  and  the  northern  seas  contain."  ^  "  Now,  here 
we  have  on  one  side  the  Caribbean  Sea  and  Gulf  of 
Mexico  with  their  waters  of  brine ;  on  the  other, 
the  great  Polar  Basin,  the  Baltic,  and  the  North  Sea, 
the  two  latter  Avith  waters  that  are  but  little  more 
than  brackish.  In  one  set  of  these  sea-basins  the 
water  is  heavy,  in  the  other  it  is  light.  Between 
them  the  ocean  intervenes;  but  water  is  bound  to 
seek  and  to  maintain  its  level ;  and  here,  therefore, 
we  unmask  one  of  the  agents  concerned  in  causing 
the  Gulf-stream."  ^ 

As  Mr.  James  Croll  has  very  clearly  pointed  out, 
Captain  Maury's  two  causes  tend  to  neutralize  each 
other. 

"  Now  it  is  perfectly  obvious  that  if  difference  in 
saltness  is  to  co-operate  with  difference  in  tempera- 
ture in  the  production  of  ocean  currents,  the  saltest 
waters,  and  consequently  the  densest,  must  be  in 
the  polar  regions;  and  the  waters  least  salt,  and 
consequently  lightest,  must  be  in  equatorial  and  in- 
tertropical regions.  Were  the  saltest  water  at  the 
equator  and  the  freshest  at  the  poles,  it  would  tend 
to  neutralize  the  effect  due  to  heat,  and,  instead  of 
producing  a  current,  would  simply  tend  to  prevent 
the  existence  of  the  currents  which  otherwise  would 
result  from  difference  of  temperature."  **  According 
to  both  theories  it  is  the  differences  of  density  be- 
tween the  equatorial  and  polar  waters  that  gives  rise 
to  currents ;  but  according  to  the  one  theory,  the 
equatorial  waters  are  lighter  than  the  polar,  whilst 
according  to  the  other  theory  they  are  heavier  than 
the  polar.     Either  the  one  theory  or  the  other  may 

Captain  Maury,  op.  cit.  *  Ibid. 
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be  true,  or  neither ;  but  it  is  logically  impossible  that 
both  of  these  can,  for  the  simple  reason  that  the 
waters  of  the  equator  cannot  at  the  same  time  be 
both  lighter  and  heavier  than  the  water  at  the  poles." 
"  So  long  as  the  two  causes  continue  in  action,  no 
current  can  arise  unless  the  energy  of  the  one  cause 
should  happen  to  exceed  that  of  the  other,  and  even 
then  a  current  will  only  exist  to  the  extent  by 
which  the  strength  of  the  one  exceeds  that  of  the 
other."  ^ 

It  seems  scarcely  necessary  to  enter  further  into 
detail  in  reference  to  Captain  Maury's  theory  of  ocean 
currents,  which  is  really  chiefly  remarkable  for  its 
ambiguity,  and  for  the  pleasant  popular  style  in 
which  it  is  advocated;  since  my  friend  and  col- 
league Dr.  Carpenter  has  latterly  brought  into  great 
prominence  what  appears  to  be  a  modification  of  the 
same  view,  put  in  a  more  definite  form. 

Professor  Buif,  in  his  excellent  little  volimie  on  the 
Physics  of  the  Earth,  speaking  of  the  layer  of  cold 
water  derived  from  the  Arctic  seas  which  underlies 
the  tropical  ocean,  and  its  method  of  transport,  says  : 
"  Tlie  following  well-known  experiment  clearly  illus- 
trates the  manner  of  the  movement.  A  glass  vessel 
is  to  be  filled  with  water  with  which  some  powder 
has  been  mixed,  and  is  then  to  be  heated  at  bottom. 
You  will  soon  see,  from  the  motion  of  the  particles 
of  powder,  that  currents  are  set  up  in  opposite  direc- 
tions through  the  water.  Warm  water  rises  from  the 
bottom,  up  through  the  middle  of  the  vessel,  and 
spreads  over  the  surface ;  while  the  colder,  and  there- 
fore heavier  liquid,  falls  down  at  the  sides  of  the 

*  James  Croll,  op.  cit. 
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glass.  Currents  like  these  must  arise  in  all  water- 
hasins,  and  even  in  the  oceans  if  diflferent  parts  of 
their  surface  are  unequally  heated."^ 

This  is  of  course  a  common  class-experiment  illus- 
trating convection.  It  is  evidently  impossible  that 
movements  of  ocean  water  can  be  produced  in  this 
way,  for  it  is  well  known  that  everywhere,  except 
under  certain  exceptional  circumstances  in  the  polar 
basin,  the  temperature  of  the  sea  decreases  i'rom  the 
surface  to  a  minimum  at  the  bottom,  and  tropical 
heat  is  applied  at  the  surface  only.  It  is  singular 
that  this  irrelevant  illustration  should  have  been 
introduced  by  Professor  Buff;  for  his  account  of  the 
origin  and  extension  of  the  Gulf-stream,  which  may 
be  taken  as  the  type  and  exponent  of  ocean  currents, 
is  quite  consistent  with  the  commonly  received 
opinions. 

On  working  up  the  temperature  results  of  the 
*  Porcupine '  expedition  of  1869,  Dr.  Carpenter  satis- 
tied  himself  that  the  mass  of  comparatively  warm 
water,  800  fathoms  deep,  which  we  had  established  as 
existing,  and  probably  moving  in  a  north-easterly 
direction,  along  the  west  coasts  of  Britain  and  the 
Lusitanian  peninsula,  could  not  be  an  extension  of 
the  Gulf-stream,  but  must  be  due  to  a  general  circu- 
lation of  the  waters  of  the  ocean  comparable  with 
the  circulation  of  the  atmosphere. 

'*  The  influence  of  the  Gulf-stream  proper  (meaning 

^  Familiar  Letters  on  the  Physics  of  the  Earth ;  treating  of  the 
chief  Movements  of  the  Land,  the  Water,  and  the  Air,  and  the  Forces 
that  give  rise  to  them.  By  Henry  Buff,  Professor  of  Physics  in  the 
University  of  Giessen.  Edited  hy  A.  W.  Hofmann,  Ph.D.,  F.B.8. 
London :  1851. 

n  \\ 


370  THE  DEPTHS  OF  THE  SEA,  [chap.  vjii. 

by  this  the  body  of  superheated  water  which  issues 
through  the  *  narrows'  from  the  Gulf  of  Mexico),  if 
it  reaches  this  locality  at  all—  which  is  very  doubtful 
— could  only  affect  the  most  superficial  stratum ;  and 
the  same  may  be  said  of  the  surface-drift  caused 
by  the  prevalence  of  south-westerly  winds,  to  which 
some  have  attributed  the  phenomena  usually  ac- 
counted for  by  the  extension  of  the  Gulf-stream  to 
these  regions.  And  the  presence  of  the  body  of 
water  which  lies  between  lOOand  600  fathoms  depth, 
and  the  range  of  whose  temperature  is  from  48'' 
(S'^'SS  C.)  to  42''  (S^'S  C),  can  scarcely  be  accounted 
for  on  any  other  hypothesis  than  that  of  a  great 
general  movement  of  equatorial  water  towards  the 
polar  area,  of  which  movement  the  Gulf-stream  con- 
stitutes a  peculiar  case,  modified  by  local  conditions. 
In  like  manner  the  arctic  stream  which  underlies 
the  warm  superficial  strata  in  our  cold  area,  con- 
stitutes a  peculiar  case,  modified  by  the  local  condi- 
tions, to  be  presently  explained,  of  a  great  general 
movement  of  polar  water  towards  the  equatorial 
area,  which  depresses  the  temperature  of  the  deepest 
parts  of  the  great  oceanic  basins  nearly  to  the 
freezing-point."  ^ 

At  first  Dr.  Carpenter  appears  to  have  regarded 
this  oceanic  circulation  as  a  case  of  simple  convection. 
"  To  what,  then,  is  the  north-east  movement  of  the 
warm  upper  stratum  of  the  North  Atlantic  attri- 
butable ?  I  have  attempted  to  show  that  it  is  part 
of  a  general  interchange  between  polar  and  equar 
torial  waters,  which  is  quite  independent  of  any  such 

^  A  Lecture  delivered  at  the  Eoyal  Institution,  abstracted  with 
the  Author's  signature  in  Nature^  vol.  i.  p.  488  (March  10th,  1870). 
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local  accidents  as  those  which  produce  the  Gulf- 
stream  proper,  and  which  gives  movement  to  a  much 
larger  and  deeper  body  of  water  than  the  latter  can 
affect.  The  evidence  of  such  an  interchange  is  two- 
fold— that  of  physical  theory,  and  that  of  actual 
observation.  Such  a  movement  mvst  take  place,  as 
was  long  since  pointed  out  by  Professor  Buff,  when- 
ever an  extended  body  of  water  is  heated  at  one  part 
and  cooled  at  another  ;  it  is  made  use  of  in  the  warm- 
ing of  buildings  by  the  hot- water  apparatus,  and  it 
was  admirably  displayed  at  the  Royal  Institution  a 
few  months  since  in  the  following  experiment  kindly 
prepared  for  me  by  Dr.  Odling."  Dr.  Carpenter 
then  repeats  Professor  Buff's  convection  experiment, 
the  heat  being  applied  by  a  steam  jet  introduced 
vertically  at  one  end  of  a  narrow  glass  trough  while 
a  block  of  ice  was  wedged  into  the  other  end. 
**Thus  a  circulation  was  showTi  to  be  maintained 
in  the  trough  by  the  application  of  heat  at  one  of  its 
extremities  and  of  cold  at  the  other,  the  heated  water 
flowing  along  the  surface  from  the  warm  to  the  cold 
end,  and  the  cooled  water  flowing  along  the  bottom 
from  the  cold  to  the  warm  end ;  just  as  it  has  been 
maintained  that  equatorial  water  streams  on  the 
surface  towards  the  poles,  and  that  polar  water 
returns  along  the  bottom  towards  the  equator,  if 
the  movement  be  not  interfered  with  by  interposed 
obstacles,  or  prevented  by  antagonistic  currents 
arising  from  local  peculiarities."^ 

That  such  a  movement  cannot  take  place  on  this 
hypothesis  has  been  already  shown ;  and  Dr.  Car- 

^  The  Gulf-stream.     A  leUer  from  Dr.  Carpenter  to  the  Editor  of 
Natnre,  dated  Gibraltar,  August  1 1th,  1870.     {Nature,  vol.  ii  p.  334.) 
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penter  in  a  lecture  to  the  Royal  Geographical 
Society,  in  an  illustration  drawn  from  two  supposed 
basins,  one  under  equatorial  conditions  and  the  other 
under  polar,  connected  by  a  strait,^  says  :  "The  eflfect 
of  surface-A^a<  upon  the  water  of  the  tropical  basin 
will  be  for  the  most  part  limited  to  its  uppermost 
stratum^  and  may  here  be  practically  disregarded. 
But  the  eflfect  of  surface-cold  upon  the  water  of  the 
polar  basin  yn\\  be  to  reduce  the  temperature  of  its 
whole  mass  below  the  freezing-point  of  fresh  water, 
the  surface  stratum  sinking  as  it  is  cooled,  by  virtue 
of  its  diminished  bulk  and  increased  density,  and  being 
replaced  by  water  not  yet  cooled  to  the  same  degree. 
The  warmer  water  will  not  come  up  from  below,  but 
will  be  drawn  into  the  basin  from  the  surface  of  the 
surrounding  area ;  and  since  what  is  thus  drawn 
away  must  be  supplied  from  a  yet  greater  distance, 
the  continual  cooling  of  the  surface  stratum  in  the 
polar  basin  will  cause  a  *set'  of  water  towards  it  to 
be  propagated  backwards  through  the  whole  inter- 
vening ocean  in  connection  with  it,  until  it  reaches 
the  tropical  area."  And  further  on  in  the  same 
address :  "  It  is  seen  that  the  application  of  cold  at 
the  surface  is  precisely  equivalent  as  a  moving  power 
to  that  application  of  heat  at  the  bottmn  by  which 
the  circulation  of  water  is  sustained  in  every  heating 
apparatus  that  makes  use  of  it."  No  doubt  the 
application  of  cold  to  the  surface  of  a  mass  of  water 
previously  at  the  same  temperature  throughout,  would 

*  On  the  Gibraltar  Current,  the  Gulf- stream,  and  the  general 
Oceanic  Circulation.  By  Dr.  W.  B.  Carpenter,  F.RS.  Reprinted 
from  the  Proceedings  of  the  Royal  Geographical  Society  of  London, 
1870. 
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have  the  same  eflfect  as  the  application  of  heat  to 
the  bottom,  and  in  either  case  we  should  have  an 
instance  of  simple  convection,  the  warmer  under- 
water rising  through  a  colder  upper  layer;  but 
that  is  not  what  we  have  in  the  polar  sea ;  for  the 
temperature  of  the  arctic  sea  gradually  sinks  from 
a  few  fathoms  beneath  the  surface  to  a  minimum 
temperature,  and  consequent  maximum  density,  at 
the  bottom.  Therefore  in  this  case  the  application 
of  cold  at  the  surface  is  not  equivalent  to  the  appli- 
cation of  heat  to  the  bottom  in  a  hot-water  heating 
apparatus,  and  Dr.  Carpenter  has  shown  that  he  is 
aware  of  this  by  requiring  the  backward  propagation 
of  a  surface'QMVVQni. 

That  a  certain  eflfect  in  increase  of  specific  gravity 
must  be  produced  by  the  cooling  of  the  surface  film 
of  the  arctic  ocean  there  seems  to  be  little  doubt ; 
but  the  area  of  maximum  eflfect  is  very  limited,  and 
during  the  long  arctic  winter  the  greater  part  of  that 
area  is  protected  by  a  thick  layer  of  ice,  one  of  the 
worst  possible  conductors. 

It  certainly  appears  to  me  that  this  cause  is 
totally  inadequate  to  induce  a  powerful  current  of 
great  depth,  six  thousand  miles  long  and  several 
thousand  miles  in  width,  the  eflfect  which  Dr.  Car- 
penter attributes  to  it. 

During  the  summer  of  1870,  and  afterwards  in 
1871,  Dr.  Carpenter  made  a  series  of  observations  on 
the  current  in  the  Strait  of  Gibraltar.  The  existence 
of  an  under-current  out  of  the  Mediterranean  was 
considered  to  be  established  by  these  observations, 
and  the  conclusions  arrived  at  as  to  its  cause  did  not 
diflfer  materially  from  those  already  very  generally 


374  ^^^  DEPTHS  OF  THE  SEA,  [chap,  viii 

accepted.  Dr.  Carpenter  believes,  however,  that  the 
conditions  in  the  Strait  of  Gibraltar  and  in  the 
Baltic  Sound  aptly  illustrate  the  general  circulation 
in  the  ocean,  and  confirm  his  views. 

I  quote  from  the  general  summary  of  Dr.  Car- 
penter's address  to  the  Geographical  Society : — 

"  The  application  of  the  foregoing  principles  to 
the  particular  cases  discussed  in  the  paper  is  as 
follows : — 

"VIII. — A  vertical  circulation  is  maintained  in 
the  Strait  of  Gibraltar  by  the  excess  of  evaporation 
in  the  Mediterranean  over  the  amount  of  fresh  water 
returned  into  its  basin,  which  at  the  same  time 
lowers  its  level  and  increases  its  density ;  so  that 
the  surface  inflow  of  salt  water  which  restores  its 
level  (exceeding  by  the  weight  of  salt  contained 
in  it  the  weight  of  fresh  water  which  has  passed  off 
by  evaporation)  disturbs  the  equilibrium  and  pro- 
duces a  deep  outflow^  which  in  its  turn  lowers  the 
level.  The  same  may  be  assumed  to  be  the  case 
in  the  Strait  of  Babelmandeb. 

"  IX. — A  vertical  circulation  is  maintained  in  the 
Baltic  Sound  by  an  excess  in  the  influx  of  fresh 
water  into  the  Baltic;  which  at  the  same  time 
raises  its  level  and  diminishes  its  density,  so  as  to 
produce  a  surface  otitflowy  leaving  the  Baltic  column 
the  lighter  of  the  two,  so  that  a  deep  inflow  must 
take  place  to  restore  the  equilibrium.  The  same 
may  be  assumed  to  be  the  case  in  the  Bosphorus  and 
Dardanelles. 

"  X. — A  vertical  circulation  must,  on  the  same 
principles,  be  maintained  between  polar  and  equa- 
torial waters  by  the  difference  of  their  temperatures  : 
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the  level  of  the  polar  water  being  reduced,  and  its 
density  increased  by  the  surface-co/c?  to  which  it  is 
subjected,  whilst  a  downward  motion  is  also  imparted 
to  each  stratum  successively  exposed  to  it ;  and  the 
level  of  equatorial  water  being  raised  and  its  density 
diminished  by  the  surface-A^a/  to  which  it  is  exposed. 
(The  first  of  these  agencies  is  by  far  the  more  eflfec- 
tive,  since  it  extends  to  the  whole  depth  of  the  water, 
whilst  the  second  only  aflfects,  in  any  considerable 
degree,  the  superficial  stratum.)  Thus  a  movement 
will  be  imparted  to  the  upper  stratum  of  oceanic 
water  from  the  equator  towards  the  poles,  whilst  a 
movement  will  be  imparted  to  the  deeper  stratum 
from  the  poles  towards  the  equator." 

It  seems  to  me  that  the  doctrine  here  propounded 
by  my  distinguished  colleague,  if  I  understand  it 
aright,  is  open  to  the  objection  to  which  I  have 
already  referred  in  connection  with  the  speculations 
of  Captain  Maury. 

If  the  currents  flow  in  the  direction  and  with  the 
permanence  accepted  by  Dr.  Carpenter  in  the  Strait 
of  Gibraltar  and  in  the  Baltic  Sound,  if  their  flow 
and  its  direction  be  due  to  the  causes  to  which  Dr. 
Carpenter  attributes  them,  and  if  there  be  any 
analogy  whatever  between  the  conditions  of  equi- 
librium of  these  inland  seas  and  that  of  the  outer 
ocean, — none  of  which  propositions  appear  to  me  at 
all  satisfactorily  proved, — I  should  think  that  the  vast 
equatorial  region,  the  path  of  the  trade-winds  and  the 
belt  of  vertical  solar  radiation,  must,  so  far  as  eva- 
poration is  concerned,  resemble,  or  rather  greatly 
exaggerate,  the  conditions  of  the  Mediterranean.  The 
consequent  accumulation  of  salt, — through  the  whole 
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depth  of  course,  the  brine  sinking  downwards, — must 
Pfreatly  outweigh  (I  give  this  as  what  Petermann 
would  call  a  gratuitous  speculation)  the  slight  ex- 
pansion caused  by  the  heating  of  the  surface  layer. 
The  more  restricted  arctic  basin  on  the  other  hand, 
as  was  long  ago  pointed  out  by  Capt.  Maury,  partici- 
pates to  a  certain  extent  in  the  characteristics  of 
the  Baltic;  and  I  am  greatly  mistaken  if  the  low 
specific  gravity  of  the  polar  sea,  the  result  of  the 
condensation  and  precipitation  of  vapour  evaporated 
from  the  intertropical  area,  do  not  fully  counter- 
balance the  contraction  of  the  superficial  film  by 
arctic  cold. 

The  North  Atlantic  ocean  bears  a  proportion 
in  depth  to  the  mass  of  the  earth  considerably 
less  than  that  of  the  paper  covering  an  eighteen- 
inch  globe  to  that  of  the  globe  it  covers,  while 
the  film  heated  by  direct  solar  radiation  may  be 
represented  by  its  surface  coating  of  varnish, 
and  is  not  actually  thicker  than  the  height  of 
St.  Paul's.  Physicists  seem  to  find  a  difficulty  in 
giving  us  the  amount  of  palpable  efifect  in  pro- 
ducing currents  in  this  shell  of  water,  six  thousand 
miles  in  length  by  three  thousand  in  width  and 
two  miles  in  thickness,  which  may  be  due  to  causes 
such  as  those  relied  upon  by  Dr.  Carpenter,  acting 
under  the  peculiar  circumstances  and  to  the  amount 
in  which  we  find  them  in  nature ;  and  probably  we 
are  not  yet  in  a  position  to  give  them  sufficient  data 
to  enable  them  to  do  so.  Mr.  Croll,  a  good  authority 
in  such  matters,  has  attempted  to  make  some  calcu- 
tions,  and  comes  to  the  conclusion  that  none  of  them 
are  suflBci«nt  to  overcome  the  friction  of  water  and  to 
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produce  any  current  whatever ;  ^  but  in  this  view  lie 
does  not  certainly  receive  universal  support.  I  am 
myself  inclined  to  believe  that  in  a  great  body  of 
salt  water  at  diflferent  temperatures,  with  unequal 
amounts  of  evaporation,  under  varying  barometric 
pressures,  and  subject  to  the  drift  of  variable  winds, 
currents  of  all  kinds,  great  and  small,  variable  and 
more  or  less  permanent,  must  be  set  up;^  but  the 
probable  result  appears  to  be  reduced  to  a  minimum 
when  we  find  that  causes,  themselves  of  doubtful 
eflSciency,  actually  antagonize  one  another ;  and  that 
we  are  obliged  to  trust  for  the  final  efifect  to  the 
amount  by  which  the  least  feeble  of  these  exceeds 
the  others  in  strength.  Speaking  in  the  total  ab- 
sence of  all  reliable  data,  it  is  my  general  impres- 
sion that,  if  we  were  to  set  aside  all  other  agencies, 
and  to  trust  for  an  oceanic  circulation  to  those  con- 
ditions only  which  are  relied  upon  by  Dr.  Carpenter, 
if  there  were  any  general  circulation  at  all,  which 
seems  very  problematical,  the  odds  are  rather  in 
favour  of  a  warm  under-current  travelling  north- 
wards by  virtue  of  its  excess  of  salt,  balanced  by  a 
surface  return-current  of  fresher  though  colder  arctic 
water. 

With  regard,  then,  to  this  question  of  a  general 
circulation  caused  by  diflFerence  in  specific  gravity, 
for  the  present  I  cordially  endorse  the  opinion  ex- 
pressed by  the  late  Sir  John  Herschel  in  a  cautious 

*  James  Croll,  op.  cit. 

3  On  the  Distribution  of  Temperatures  in  the  North  Atlantic. 
An  Address  delivered  to  the  Meteorological  Society  of  Scotland  at 
the  General  Meeting  of  the  Society  July  5th,  1871,  by  Professor 
"Wyville  Thomson. 
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and  excellent  letter  addressed  to  Dr.  Carpenter — a 
letter  which  there  is  no  impropriety  in  my  quoting  in 
full  as  it  is  already  in  print,  and  which  has  a  special 
interest  as  being  probably  one  of  the  last  written 
by  Sir  John  Herschel  on  scientific  subjects : — 


**  CoLLiNGWOOD,  April  9th,  1871. 

"My  deab  Sib, — Many  thanks  for  your  paper  on  the  Gib- 
raltar current  and  the  Gulf-stream.  Assuredly,  after  well  con- 
sidering all  you  say,  as  well  as  the  common  sense  of  the  matter, 
and  the  experience  of  our  hot-water  circulation  pipes  in  our 
greenhouses,  &c.,  there  is  no  refusing  to  admit  that  an  oceanic 
circulation  of  some  sort  must  arise  from  mere  heat,  cold,  and 
evaporation,  as  verce  causce,  and  you  have  brought  forward  with 
singular  emphasis  the  more  powerful  action  of  the  polar  cold,  or 
rather  the  more  intense  action,  as  its  maximum  effect  is  limited 
to  a  much  smaller  area  than  that  of  the  maximum  of  equatorial 
heat. 

"The  action  of  the  trade  and  counter-trade  winds,  in  like 
manner,  cannot  be  ignored ;  and  henceforward  the  question  of 
ocean  currents  will  have  to  be  studied  under  a  twofold  point  of 
view.  The  wind-currents,  however,  are  of  easier  investigation : 
all  the  causes  lie  on  the  surface ;  none  of  the  agencies  escape 
our  notice ;  the  configuration  of  coasts,  which  mainly  determines 
their  direction,  is  patent  to  sight.  It  is  otherwise  with  the  other 
class  of  movements.  They  take  place  in  the  depths  of  the  ocean ; 
and  their  movements  and  directions  and  channels  of  concentra- 
tion are  limited  to  the  configuration  of  the  sea-bottom,  which 
has  to  be  studied  over  its  entire  surface  by  the  very  imperfect 
method  of  sounding. 

"  I  am  glad  you  succeeded  in  getting  specimens  of  Mediter- 
ranean water  near  the  place  of  the  presumed  salt  spring  of 
Smyth  and  Wollaston,  making  it  clear  that  the  whole  affair 
must  have  arisen  from  some  accidental  substitution  of  one 
bottle  for  another,  or  from  evaporation.  I  never  put  any  hearty 
faith  in  it. 
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"  So,  after  all,  tliere  is  au  under-current  setting  outwards  in 

the  Straits  of  Gibraltar. 

"Repeating  my  thanks  for  this  interesting  memoir,  believe 

me,  dear  Sir, 

"  Yours  very  truly, 

"J.  F.  W.  Herschel. 

"i>r.  W,  B,  Carpenter."^ 

The  second  view,  supported  by  Dr.  Petermann  of 
Gotha,  and  by  most  of  the  leading  authorities  in 
physical  geography  in  Germany  and  Northern 
Europe,  and  strongly  urged  by  the  late  Sir  John 
Herschel  in  his  *  Outlines  of  Physical  Geography' 
published  in  the  year  1846,  attributes  nearly  the 
whole  of  the  sensible  phenomena  of  heat-distribution 
in  the  North  Atlantic  to  the  Gulf-stream,  and  to  the 
arctic  return-currents  Avhich  are  induced  by  the 
removal  of  tropical  water  towards  the  polar  regions 
by  the  Gulf-stream.  If  we  for  a  moment  admit  that 
to  the  Gulf-stream  is  due  almost  exclusively  the 
singular  advantage  in  climate  which  the  eastern 
borders  of  the  North  Atlantic  possess  over  the 
western,  the  origin  of  this  great  current,  its  extent 
and  direction,  and  the  nature  and  amount  of  its 
influence,  become  questions  of  surpassing  interest. 
Before  considering  these,  however,  it  will  be  well 
to  define  what  is  here  meant  by  the  term  *  Gulf- 
stream,'  for  even  on  this  point  there  has  been  a  good 
deal  of  misconception. 

I  mean  by  the  Gulf-stream  that  mass  of  heated 
water  which  pours  from  the  Strait  of  Florida  across 
the  North  Atlantic,  and  likewise  a  wider  but  less 
definite  warm  current,  evidently  forming  part  of  the 
same  great  movement  of  water,  which  curves  north- 

*  Nature^  vol.  iv.  p.  7L 
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wards  to  the  eastward  of  the  West  Indian  Islands. 
I  am  myself  inclined,  without  hesitation,  to  regard 
this  stream  as  simply  the  reflux  of  the  equatorial 
current,  added  to  no  doubt  during  its  north-easterly 
course,  by  the  surface-drift  of  the  anti-trades  which 
follows  in  the  main  the  same  direction. 

The  scope  and  limit  of  the  Gulf- stream  will  be 
bettpr  understood  if  we  inquire  in  the  first  place  into 
its  origin  and  cause.  As  is  well  known, — in  two 
bands,  one  to  the  north  and  the  other  to  the  south 
of  the  equator, — the  north-east  and  south-east  trade- 
winds,  reduced  to  meridional  directions  by  the  east- 
ward frictional  impulse  of  the  earth's  rotation,  drive 
before  them  a  magnificent  surface  current  of  hot 
water  4,000  miles  long  by  450  miles  broad  at  an 
average  rate  of  thirty  miles  a  day.  Off  the  coast  of 
Africa  near  its  starting-point  to  the  south  of  the 
Islands  of  St.  Thomas  and  Anna  Bon,  this  *  Equa- 
torial Current'  has  a  speed  of  forty  miles  in  the 
twenty-four  hours,  and  a  temperature  of  23°  C. 

Increasing  quickly  in  bulk,  and  spreading  out 
more  and  more  on  both  sides  of  the  equator,  it  flows 
rapidly  due  west  towards  the  coast  of  South  America. 
At  the  eastern  point  of  South  America,  Cape  St. 
Roque,  the  equatorial  current  splits  into  two,  and 
one  portion  trends  southwards  to  deflect  the  isotherms 
of  2r,  15°'5, 10^  and  4''*5  C.  into  loops  upon  our  maps, 
thus  carrying  a  scrap  of  comfort  to  the  Falkland 
Islands  and  Cape  Hoorn ;  while  the  northern  portion 
follows  the  north-east  coast  of  South  America,  gaining 
continually  in  temperature  under  the  influence  of  the 
tropical  sun.  Its  speed  has  now  increased  to  sixty- 
eight  miles  in  twenty-four  hours,  and  by  the  union 
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with  it  of  the  waters  of  the  river  Amazon,  it  rises  to 
one  hundred  miles  (6*5  feet  in  a  second),  but  it  soon 
falls  oflF  again  when  it  gets  into  the  Caribbean  sea. 
Flowing  slowly  through  the  whole  length  of  this  sea, 
it  reaches  the  Gulf  of  Mexico  through  the  Strait  of 
Yucatan,  when  a  part  of  it  sweeps  immediately  round 
Cuba ;  but  the  main  stream  "having  made  the  circuit 
of  the  Gulf  of  Mexico,  passes  through  the  Strait  of 
Florida ;  thence  it  issues  as  the  *  Gulf-stream '  in  a 
majestic  current  upwards  of  thirty  miles  broad,  two 
thousand  two  hundred  feet  deep,  with  an  average 
velocity  of  four  miles  an  hour,  and  a  temperature  of 
86°  Fahr.  (30°  C)."  ^  The  hot  water  pours  from  the 
strait  with  a  decided  though  slight  north-easterly 
impulse  on  account  of  its  great  initial  velocity.  Mr. 
CroU  calculates  the  Gulf-stream  as  equal  to  a  stream 
of  water  fifty  miles  broad  and  a  thousand  feet  deep 
flowing  at  a  rate  of  four  miles  an  hour ;  consequently 
conveying  5,575,680,000,000  cubic  feet  of  water  per 
hour,  or  133,816,320,000,000  cubic  feet  per  day.  This 
mass  of  water  has  a  mean  temperature  of  18**  0.  as  it 
passes  out  of  the  gulf,  and  on  its  northern  journey  it 
is  cooled  down  to  4°*5,  thus  losing  heat  to  the  amount 
of  13°'5  0.  The  total  quantity  of  heat  therefore  trans- 
ferred from  the  equatorial  regions  per  day  amounts 
to  something  like  154,959,300,000,000,000,000  foot- 
pounds.^ 

This  is   nearly   equal   to   the  whole  of  the  heat 

^  Physical  Geography.  From  tlie  'Encyclopaedia  Britannica.'  By 
Sir  John  F.  W.  Herschel,  Bart.,  K.ILP.     Edinhurgh,  1861,  p.  49. 

'  On  Ocean  Currente.  By  James  Croll,  of  the  Geological  Survey  of 
Scotland.  Part  I.  Ocean  Currents  in  relation  to  the  Distribution  of 
Heat  over  the  Globe     (Philosophical  Magazine.    February  1870.) 
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received  from  the  sun  by  the  Arctic  regions,  and, 
reduced  by  a  half  to  avoid  all  possibility  of  exaggera- 
tion, it  is  still  equal  to  one-fifth  of  the  whole  amount 
received  from  the  sun  by  the  entire  area  of  the  North 
Atlantic.  The  Gulf-stream,  as  it  issues  from  the  Strait 
of  Florida  and  expands  into  the  ocean  on  its  north- 
ward course,  is  probably  the  most  glorious  natural 
phenomenon  on  the  face  of  the  earth.  The  water  is 
of  a  clear  crystalline  transparency  and  an  intense 
blue,  and  long  after  it  has  passed  into  the  open  sea  it 
keeps  itself  apart,  easily  distinguished  by  its  warmth, 
its  colour,  and  its  clearness ;  and  with  its  edges  so 
sharply  defined  that  a  ship  may  have  her  stem  in 
the  clear  blue  stream  while  her  stern  is  still  in  the 
common  water  of  the  ocean. 

"  The  dynamics  of  the  Gulf-stream  have  of  late, 
in  the  work  of  Lieutenant  Maury  already  mentioned, 
been  made  the  subject  of  much  (we  cannot  but  think 
misplaced)  wonder,  as  if  there  could  be  any  possible 
ground  for  doubting  that  it  owes  its  origin  entirely 
to  the  trade-winds."  ^  Setting  aside  the  wider  ques- 
tion of  the  possibility  of  a  general  oceanic  circulation 
arising  from  heat,  cold,  and  evaporation,  I  believe 
that  Captain  Maury  and  Dr.  Carpenter  are  the  only 
authorities  who  of  late  years  have  disputed  this 
source  of  the  current  which  we  see,  and  can  gauge 
and  measure  as  it  passes  out  of  the  Strait  of  Florida ; 
for  it  is  scarcely  necessary  to  refer  to  the  earlier 
speculations  that  it  is  caused  by  the  Mississippi  river, 
or  that  it  floAvs  downwards  by  gravitation  from  a 
*  head '  of  water  produced  by  the  trade-winds  in  the 
Caribbean  sea. 

*  HcTSchel,  op.  cit.  p.  51. 
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Captain  Maury  writes^  that  "the  dynamical  force 
that  calls  forth  the  Gulf-stream  is  to  he  found  in  the 
diflference  as  to  specific  gravity  of  intertropical  and 
polar  waters."  **  The  dynamical  forces  which  are 
expressed  hy  the  Gulf-stream  may  with  as  much  pro- 
priety he  said  to  reside  in  those  northern  waters  as 
in  the  West  India  seas  :  for  on  one  side  we  have  the 
Carihhean  sea  and  Gulf  of  Mexico  with  their  waters 
of  hrine ;  on  the  other  the  great  polar  hasin,  the 
Baltic,  and  the  North  Sea,  the  two  latter  with  waters 
which  are  little  more  than  hrackish.  In  one  set  of 
these  sea-hasins  the  water  is  heavy;  in  the  other  it  is 
light.  Between  them  the  ocean  intervenes ;  hut  water 
is  hound  to  seek  and  to  maintain  its  level ;  and  here, 
therefore,  we  unmask  one  of  those  agents  concerned 
in  causing  the  Gulf-stream.  What  is  the  power  of  this 
agent  ?  Is  it  greater  than  that  of  other  agents  ?  and 
how  much  ?  We  cannot  say  how  much ;  we  only 
know  it  is  one  of  the  chief  agents  concerned.  More- 
over, speculate  as  we  may  as  to  all  the  agencies  con- 
cerned in  collecting  these  waters,  that  have  supplied 
the  trade- winds  with  vapour,  into  the  Carihhean  Sea, 
and  then  in  driving  them  across  the  Atlantic,  we  are 
forced  to  conclude  that  the  salt  which  the  trade-wind 
vapour  leaves  behind  it  in  the  tropics  has  to  be  con- 
veyed away  from  the  trade- wind  region,  to  be  mixed 
up  again  in  due  proportion  with  the  other  water  of 
the  sea — the  Baltic  Sea  and  the  Arctic  Ocean  included 
— and  that  these  are  some  of  the  waters,  at  least, 
which  we  see  running  off  through  the  Gulf-stream. 
To  convey  them  away  is  doubtless  one  of  the  offices 
which  in  the  economy  of  the  ocean  has  been  assigned 

^  Maura's  Physical  Geography  of  the  Sea,  op.  cit. 
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to  it.  But  as  for  the  seat  of  the  forces  which  put 
and  keep  the  Gulf-stream  in  motion,  theorists  may 
place  them  exclusively  on  one  side  of  the  ocean  with 
as  much  philosophical  propriety  as  on  the  other. 
Its  Avaters  find  their  way  into  the  North  Sea  and 
Arctic  Ocean  by  virtue  of  their  specific  gravity,  while 
water  thence,  to  take  their  place,  is,  by  virtue  of  its 
specific  gravity  and  by  counter-currents,  carried  back 
into  the  gulf.  The  dynamical  force  which  causes  the 
Gulf-stream  mav  therefore  be  said  to  reside  both  in 
the  polar  and  in  the  intertropical  waters  of  the 
Atlantic." 

According  to  this  view,  the  tropical  water  finds  its 
way  on  account  of  its  greater  weight  towards  the  poles, 
while  the  polar  water,  owing  to  its  less  weight,  moves 
southwards  to  replace  it.  The  general  result  would 
be  of  course  a  system  of  warm  under-  and  cold 
surface-currents,  and  these  we  do  not  find.  I  merely 
quote  the  passage  as  a  curious  illustration  of  the 
adage  that  on  most  questions  a  good  deal  can  be 
said  on  both  sides. 

We  have  already  considered  the  doctrine  of  a  general 
oceanic  circulation,  which  has  been  so  strongly  ad- 
vocated of  late  by  Dr.  Carpenter,  and  I  have  merely 
to  advert  in  this  place  to  the  bearing  which  that 
doctrine  has  upon  our  views  as  to  the  origin  of  the 
Gulf-stream ;  its  bearings  on  the  extension  and  dis- 
tribution of  the  current  will  be  discussed  hereafter. 
As  already  stated.  Dr.  Carpenter  attributes  all  the 
great  movements  of  ocean  water  to  a  general  con- 
vective  circulation,  and  of  this  general  circulation 
he  regards  the  Gulf-stream  as  a  peculiarly  modi- 
fied case.     In  the  passage  already  quoted  (p.  370)  of 
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his  address  to  the  Royal  Institution,  Dr.  Carpenter 
states,  that  "  the  Gulf-stream  constitutes  a  peculiar 
case,  modified  by  local  conditions,"  of  "  a  great 
general  movement  of  equatorial  water  towards  the 
polar  area."  I  confess  I  feel  myself  compelled  to 
take  a  totally  different  view.  It  seems  to  me  that 
the  Gulf-stream  is  the  one  natural  physical  pheno- 
menon on  the  surface  of  the  earth  whose  origin  and 
principal  cause,  the  drift  of  the  trade-winds,  can  be 
most  clearly  and  easily  traced. 

The  further  progress  and  extension  of  the  Gulf- 
stream  through  the  North  Atlantic  in  relation  to 
influence  upon  climate  has  been,  however,  a  fruitful 
source  of  controversy.  The  first  part  of  its  course, 
after  leaving  the  strait,  is  sufficiently  evident,  for 
its  water  long  remains  conspicuously  different  in 
colour  and  temperature  from  that  of  the  ocean, 
and  a  current  having  a  marked  effect  on  naviga- 
tion is  long  perceptible  in  the  peculiar  Gulf-stream 
water.  "  Narrow  at  first,  it  flows  round  the  penin- 
sula of  Florida,  and,  with  a  speed  of  about  70  or 
80  miles,  follows  the  coast  at  first  in  a  due  north, 
afterwards  in  a  north-east  direction.  At  the  lati- 
tude of  Washington  it  leaves  the  North  American 
coast  altogether,  keeping  its  north-eastward  course ; 
and  to  the  south  of  the  St.  George's  and  New- 
foundland Banks  it  spreads  its  waters  more  and 
more  over  the  Atlantic  Ocean,  as  far  as  the  -A  gores. 
At  these  islands  a  part  of  it  turns  southwards  again 
towards  the  African  coast.  The  Gulf-stream  has, 
so  long  as  its  waters  are  kept  together  along  the 
American  coast,  a  temperature  of  26°'6  C. ;  but, 
even  under  north  latitude  36°,  Sabine  found   that 

c  c 
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23'*'3  C.  at  the  beginning  of  December,  while  the 
sea-water  beyond  the  stream  showed  only  16°'9  C. 
Under  north  latitude  40—41°  the  water  is,  accord- 
ing to  Humboldt,  at  22°-6  C.  within,  and  17°'5  C. 
without  the  stream."^ 

The  Gulf-stream  off  the  coast  of  North  America 
has  been  most  carefully  examined  by  the  officers  of 
the  United  States  Coast  Survey,  at  first  under  the 
superintendence  of  Professor  Bache,  and  latterly 
under  the  direction  of  the  present  able  head  of  the 
bureau,  Professor  Pierce.  In  1860  Professor  Bache 
published  an  account  of  the  general  result.  ^  Four- 
teen sections  through  the  Gulf-stream  had  been  care- 
fully surveyed  at  intervals  of  about  100  miles  along 
the  coast — the  first  almost  within  the  Gulf  of  Mexico, 
from  Fortingas  to  Havana,  and  the  last  off  Cape 
Cod,  lat.  41°  N.,  where  the  stream  loses  all  parallel- 
ism with  the  American  coast  and  trends  to  the  east- 
ward. These  sections  fully  illustrate  the  leading 
phenomena  during  this  earlier  part  of  its  course 
of  this  wonderful  current,  which  Professor  Bache 
well  characterizes  as  **  the  great  hydrographic  feature 
of  the  United  States." 

Opposite  Fortingas,  passing  along  the  Cuban  coast, 
the  stream  is  unbroken  and  the  current  feeble ;  the 
temperature  at  the  surface  is  about  2&'^  C.  Issuing 
from  the  Strait  of  Bemini  the  current  is  turned 
nearly  directly  northwards  by  the  form  of  the  land  ; 

1  Professor  Buff,  op.  cit.  p.  19  9. 

2  Lecture  on  the  Gulf-stream,  prepared  at  the  request  of  the 
American  Association  for  the  Advancement  of  Science,  by  A.  D.  Bache, 
Superintendent  U.S.  Coast  Survey.  From  the  American  Journal  of 
Science  and  Arts,  vol.  xxx.  November  1860. 
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a  little  to  the  north  of  the  strait,  the  rate  is  from 
three  to  five  miles  an  hour.  The  depth  is  only  325 
fathoms,  and  the  bottom,  which  in  the  Sti^tit  of 
Florida  was  a  simple  slope  and  counter-slope,  is 
now  corrugated.  The  surface  temperature  is  about 
26°*5  0.,  while  the  bottom  temperature  is  4** '5 ;  so 
that  in  the  moderate  depth  of  325  fathoms  the  equa- 
torial current  above  and  the  polar  counter-current 
beneath  have  room  to  pass  one  another,  the  current 
from  the  north  being  evidently  tempered  consider- 
ably by  mixture.  North  of  Mosquito  inlet  the 
stream  trends  to  the  eastward  of  north,  and  off  St. 
Augustine  it  has  a  decided  set  to  the  eastward 
Between  St.  Augustine  and  Cape  Hatteras  the  set 
of  the  stream  and  the  trend  of  the  coast  differ  but 
little,  making  5°  of  easting  in  5°  of  northing.  At 
Hatteras  it  curves  to  the  northward,  and  then  runs 
easterly.  In  the  latitude  of  Cape  Charles  it  turns 
quite  to  the  eastward,  having  a  velocity  of  from  a 
mile  to  a  mile  and  a  half  in  the  hour. 

A  brief  account  of  one  of  the  sections  will  best 
explain  the  general  phenomena  of  the  stream  off  the 
coast  of  America.  I  will  take  the  section  following 
a  line  at  right  angles  to  the  coast  off  Sandy  Hook. 
From  the  shore  out,  for  a  distance  of  about  250 
miles,  the  surface  temperature  gradually  rises  from 
21'  to  24°  C;  at  10  fathoms  it  rises  from  19°  to  22°  C. ; 
and  at  20  fathoms  it  maintains,  with  a  few  irregu- 
larities, a  temperature  of  19°  C.  throughout  the  whole 
space ;  while  at  100,  200,  300,  and  400  fathoms  it 
maintains  in  like  manner  the  respective  temperatures 
of  8°-8,  5°-7,  4°-5,  and  2°-5  C.  This  space  is  therefore 
occupied  by  cold  water,  and  observation  has  suffi- 
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ciently  proved  that  the  low  temperature  is   due  to 
a  branch   of  the   Labrador   current   creeping   down 
alon^   the    coast   in   a   direction    opposite    to    that 
of  the  Gulf-stream.      In  the  Strait  of  Florida  this 
cold  stream  divides — one  portion  of  it  passing  under 
the  hot  Gulf-stream  water  into  the  Gulf  of  Mexico, 
while  the  remainder  courses  round  the  western  end 
of  Cuba.     240  miles  from  the  shore  the  whole  mass 
of  water  takes  a  sudden  rise  of  about  lO"*  C.  within 
25  miles,  a  rise  affecting  nearly  equally  the  water  at 
all  depths,  and  thus  producing  the  singular  pheno- 
menon  of    two   masses    of   water  in   contact — one 
passing    slowly    southwards,    and    the    other   more 
rapidly  northwards,  at  widely  different  temperatures 
at  the  same  levels.     This  abutting  of  the  side  of  the 
cold  current  against  that  of  the  Gulf-stream  is  so 
abrupt  that  it   has  been  aptly  called  by  Lieutenant 
George  M.  Bache  the  *  Cold  wall.'     Passing  the  cold 
wall  we  reach   the  Gulf-stream,   presenting   all    its 
special  characters  of  colour  and  transparency  and  of 
temperature.     In  the  section  which  we  have  chosen 
as  an  example,  upwards  of  three  hundred  miles  in 
length,  the   surface  temperature  is   about  26''*5  C, 
but  the  heat  is  not  uniform  across  the  stream,  for 
we   find   that  throughout  its   entire   length,  as  far 
south  as  the  Cape  Canaveral  section,  the  stream  is 
broken    up   into   longitudinal  alternating  bands   of 
warmer  and  cooler  water.     Off  Sandy  Hook,  beyond 
the   cold  wall,  the    stream  rises  to  a  maximum  of 
27*''8C.,  and  this  warm  band  extends  for  about  60 
miles.     The  temperature  then  falls  to  a  minimum  of 
26°-5  C,  which  it  retains  for  about  30   miles,  when 
a  second  maximum  of  27°'4  succeeds,  which  includes 
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the  axis  of  the  Gulf-stream,  and  is  about  170  miles 
wide.  This  is  followed  by  a  second  minimum  of 
25°'5  C,  and  this  by  a  third  maximum,  when  the 
bands  become  indistinct.  It  is  singular  that  the 
minimum  bands  correspond  with  valley-like  depres- 
sions in  the  bottom,  which  follow  in  succession  the 
outline  of  the  coast  and  lodge  de^p  southward  exten- 
sions of  the  polar  indraught. 

The  last  section  of  the  Gulf-stream  surveyed  by 
the  American  Hydrographers  extends  in  a  south- 
easterly direction  from  Cape  Cod,  lat.  41°  N.,  and 
traces  the  Gulf-stream,  still  broken  up  by  its  bands 
of  unequal  temperature,  spreading  directly  eastward 
across  the  Atlantic;  its  velocity  has,  however,  now 
become  inconsiderable,  and  its  limits  are  best  traced 
by  the  thermometer. 

The  course  of  the  Gulf-stream  beyond  this  point 
has  given  rise  to  much  discussion.  I  again  quote 
Professor  BuflF  for  what  may  be  regarded  as  the 
view  most  generally  received  among  Physical  Geo- 
graphers : — 

"  A  great  part  of  the  warm  water  is  carried  partly 
by  its  own  motion,  but  chiefly  by  the  prevailing  west 
and  north-west  winds,  towards  the  coasts  of  Europe 
and  even  beyond  Spitzbergen  and  Nova  Zembla ;  and 
thus  a  part  of  the  heat  of  the  south  reaches  far  into 
the  Arctic  Ocean.  Hence,  on  the  north  coast  of  the 
old  Continent,  we  always  find  driftwood  from  the 
southern  regions,  and  on  this  side  the  Arctic  Ocean 
remains  free  from  ice  during  a  great  part  of  the  year, 
even  as  far  up  as  80*"  north  latitude;  while  on  the 
opposite  coast  (of  Greenland)  the  ice  is  not  quite 
thawed  even  in  summer."    The  two  forces  invoked 
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by  Professor  Buff  to  perform  the  work  are  thus  the 
vis  a  tergo  of  the  trade-wind  drift,  and  the  direct 
driving  power  of  the  anti-trades,  producing  what 
has  been  called  the  anti-trade  drift.  This  is  quite 
in  accordance  with  the  views  here  advocated.  The 
proportion  in  which  these  two  forces  act,  it  is  un- 
doubtedly impossible  in  the  present  state  of  our 
knowledge  to  determine. 

Mr.  A.  G.  Findlay,  a  high  authority  on  all  hydro- 
graphic  matters,  read  a  paper  on  the  Gulf-stream 
before  the  Royal  Geographical  Society,  reported  in 
the  13th  volume  of  the  Proceedings  of  the  Society. 
Mr.  Pindlay,  while  admitting  that  the  temperature 
of  north-eastern  Europe  is  abnormally  ameliorated  by 
a  surface-current  of  the  warm  water  of  the  Atlantic 
which  reaches  it,  contends  that  the  Gulf-stream  proper, 
that  is  to  say  the  water  injected,  as  it  were,  into 
the  Atlantic  through  the  Strait  of  Florida  by  the 
impulse  of  the  trade-winds,  becomes  entirely  thinned 
out,  dissipated,  and  lost,  opposite  the  Newfoundland 
banks  about  lat.  45°  N.  The  warm  water  of  the 
southern  portion  of  the  North  Atlantic  basin  is  still 
carried  northwards ;  but  Mr.  Pindlay  attributes  this 
movement  solely  to  the  anti-trades — the  south-west 
winds — which  by  their  prevalence  keep  up  a  balance 
of  progress  in  a  north-easterly  direction  in  the  surface 
layer  of  the  water. 

Dr.  Carpenter  entertains  a  very  strong  opinion  that 
the  dispersion  of  the  Gulf-stream  may  be  affirmed  to 
be  complete  in  about  lat.  45°  N.  and  long.  35°  W. 
Dr.  Carpenter  admits  the  accuracy  of  the  projection 
of  the  isotherms  on  the  maps  of  Berghaus,  Dov6 
Petermann,  and  Keith  Johnston,  and  he  admits  like- 
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wise  the  conclusion  that  the  abnormal  mildness  of  the 
climate  on  the  north-western  coast  of  Europe  is  due 
to  a  movement  of  equatorial  water  in  a  north-easterly 
direction.  "What  I  question  is  the  correctness  of 
the  doctrine  that  the  north-east  flow  is  an  extension 
or  prolongation  of  the  Gulf-stream,  still  driven  on 
by  the  vis  a  tergo  of  the  trade-winds — a  doctrine 
which  (greatly  to  my  surprise)  has  been  adopted  and 
defended  by  my  colleague  Professor  Wyville  Thom- 
son. But  while  these  authorities  attribute  the  whole 
or  nearly  the  whole  of  this  flow  to  the  true  Gulf- 
stream,  I  regard  a  large  part,  if  not  the  whole,  of 
that  which  takes  place  along  our  own  western  coast, 
and  passes  north  and  north-east  between  Iceland  and 
Norway  towards  Spitzbergen,  as  quite  independent 
of  that  agency;  so  that  it  would  continue  if  the 
North  and  South  American  continents  were  so  com- 
pletely disunited  that  the  equatorial  currents  would 
be  driven  straight  onwards  by  the  trade-winds  into 
the  Pacific  Ocean,  instead  of  being  embayed  in  the 
Gulf  of  Mexico  and  driven  out  in  a  north-east  direc- 
tion through  the  *  narrows*  oflF  Cape  Plorida."^  Dr. 
Carpenter  does  not  mean  by  this  to  endorse  Mr. 
Findlay's  opinion  that  the  movement  beyond  the 
45th  parallel  of  latitude  is  due  solely  to  the  drift  of 
the  anti-trades ;  he  says,  "  On  the  view  I  advocate, 
the  north-easterly  flow  is  regarded  as  due  to  the 
vis  a  fronte  originating  in  the  action  of  cold  upon 
the  water  of  the  polar  area,  whereby  its  level  is 
always  tending  to  depression."  ^  The  amelioration 
of  the  climate  of   north-western    Europe    is    thus 

^  Dr.  Carpenter  :  Proceedings  of  the  Royal  Geographical  Society  for 
1870,  op.  cit  »  Op.  cit. 
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caused  by  a  *  modified  case '  of  the  general  oceanic 
circulation,  and  neither  by  the  Gulf-stream  nor  by 
the  anti-trade  drift. 

Although  there  are,  up  to  the  present  time,  very 
few  trustworthy  observations  of  deep-sea  tempera- 
tures, the  surface  temperature  of  the  North  Atlantic 
has  been  investigated  with  considerable  care.  The 
general  character  of  the  isothermal  lines  with  their 
singular  loop-like  northern  deflections,  has  long 
been  familiar  through  the  temperature  charts  of  the 
geographers  already  quoted,  and  of  late  years  a  pro- 
digious amount  of  data  have  been  accumulated  both 
abroad  and  by  our  own  Admiralty  and  Meteoro- 
logical Department. 

In  1870,  Dr.  Petermann,  of  Gotha,  published^  an 
extremely  valuable  series  of  temperature  charts, 
embodying  the  results  of  the  reduction  of  upwards 
of  100,000  observations,  derived  chiefly  from  the 
following  sources: — 

1.  From  the  wind  and  current  charts  of  Lieu- 
tenant Maury,  embodying  about  30,000  distinct 
temperature  observations. 

2.  From  50,000  observations  made  by  Dutch  sea- 
captains,  and  published  by  the  Government  of  the 
Netherlands. 

3.  From  the  journal  of  the  Cunard  steamers  be- 
tween Liverpool  and  New  York,  and  of  the  steamers 
of  the  Montreal  Company  between  Glasgow  and 
Belleisle. 

4.  From  the  data  collected  by  the  secretary  of  the 

^  Der  Golf-Strom  und  Standpunkt  der  thermometrischen  KenDtniss 
des  Nord-Atlantischen  Oceans  und  Landgebietes  im  Jahre  1870. 
Justus  Perthe's '  Geographische  Mittheilungen,'  Band  1 6.   Gotha,  1 870. 
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Scottish  Meteorological  Society,  Mr.  Buchan,  with 
regard  to  the  temperature  of  the  sea  on  the  coasts 
of  Scotland. 

6.  From  the  publications  of  the  Norwegian  Insti- 
tute on  sea-temperatures  between  Norway,  Scotland, 
and  Iceland. 

6.  Prom  the  data  furnished  by  the  Danish  Rear- 
Ad  miral  Irminger  on  sea-temperature  between  Den- 
mark and  the  Danish  settlements  in  Greenland. 

7.  Prom  the  observations  made  by  Earl  Dufferin 
on  board  his  yacht  *!Poam*  between  Scotland,  Ice- 
land, Spitzbergen,  and  Norway. 

And  finally,  from  the  recent  observations  collected 
by  the  English,  Swedish,  German,  and  Russian  ex- 
peditions to  the  arctic  regions  and  towards  the 
North  Pole. 

Dr.  Petermann  has  devoted  the  special  attention 
of  a  great  part  of  his  life  to  the  distribution  of  heat 
on  the  surface  of  the  ocean,  and  the  accuracy  and  con- 
scientiousness of  his  work  in  every  detail  are  beyond 
the  shadow  of  a  doubt.  Plate  VII.  is  in  the  main 
copied  from  his  charts,  with  a  few  modifications  and 
additions  derived  from  additional  data.  The  remark- 
able diversion  of  the  isothermal  lines  from  their 
normal  course  is  undoubtedly  caused  by  surface  ocean- 
currents  conveying  warm  tropical  water  towards  the 
polar  regions.  This  is  no  matter  of  speculation,  for 
the  current  is  in  many  places  perceptible  through 
its  effect  on  navigation,  and  the  path  of  the  warm 
water  may  be  traced  by  dipping  the  thermometer 
into  it  and  noting  its  temperature. 

In  the  North  Atlantic  every  curve  of  equal  tem- 
perature, whether  for  the  summer,  for  the  winter,  for 
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a  single  month,  or  for  the  whole  year,  instantly 
declares  itself  as  one  of  a  system  of  curves  which 
are  referred  to  the  Strait  of  Florida  as  a  source  of 
heat,  and  the  flow  of  warm  water  may  be  traced  in 
a  continuous  stream,  indicated  when  its  movement 
can  no  longer  be  observed  by  its  form, — fanning  out 
from  the  neighbourhood  of  the  Strait  across  the 
Atlantic,  skirting  the  coasts  of  Prance,  Britain,  and 
Scandinavia,  rounding  the  North  Cape  and  passing 
the  White  Sea  and  the  Sea  of  Kari,  bathing  the 
western  shores  of  Novaja  Semla  and  Spitzbergen, 
and  finally  coursing  round  the  coast  of  Siberia,  a 
trace  of  it  still  remaining  to  find  its  way  through 
the  narrow  and  shallow  Behring's  Strait  into  the 
North  Pacific  (see  Plate  VII.). 

Now,  it  seems  to  me  that  if  we  had  only  these 
curves  upon  the  chart,  deduced  from  an  almost  in- 
finite number  of  observations  which  are  themselves 
merely  laboriously  multiplied  corroborations  of  many 
previous  ones,  without  having  any  clue  to  their 
rationale,  we  should  be  compelled  to  admit  that 
whatever  might  be  the  amount  and  distribution  of 
heat  derived  from  a  general  oceanic  circulation, — 
whether  produced  by  the  prevailing  winds  of  the 
region,  by  convection,  by  unequal  barometric  pres- 
sure, by  tropical  heat,  or  by  arctic  cold, — the  Gulf- 
stream,  the  majestic  stream  of  warm  water  whose 
course  is  indicated  by  the  deflections  of  the  isother- 
mal lines,  is  sufficiently  powerful  to  mask  all  the 
rest,  and,  broadly  speaking,  to  produce  of  itself  all 
the  abnormal  thermal  phenomena. 

The  deep-sea  temperatures  taken  in  the  ^  Porcu- 
pine' have  an  important  bearing  upon  this  question, 
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since  they  give  us  the  depth  and  volume  of  the  mass 
of  water  which  is  heated  above  its  normal  tempera- 
ture, and  which  we  must  regard  as  the  softener  of 
the  winds  blowing  on  the  coasts  of  Europe.  Refer- 
ring to  Pig.  60,  in  the  Bay  of  Biscay,  after  passing 
through  a  shallow  band  superheated  by  direct  radia- 
tion, a  zone  of  warm  water  extends  to  the  depth  of 
800  fathoms,  succeeded  by  cold  water  to  a  depth  of 
nearly  two  miles.  In  the  Rockall  channel  (Fig.  69) 
the  warm  layer  has  nearly  the  same  thickness,  and 
the  cold  underlying  water  is  500  fathoms  deep.  Off 
the  Butt  of  the  Lews  (Fig.  66)  the  bottom  tem- 
perature is  6*'-2  C.  at  767  fathoms,  so  that  there 
the  warm  layer  evidently  reaches  to  the  bottom. 
In  the  Faeroe  channel  (Fig.  65)  the  warm  water 
forms  a  surface  layer,  and  the  cold  water  underlies 
it,  commencing  at  a  depth  of  200  fathoms, — 567 
fathoms  above  the  level  of  the  bottom  of  the  warm 
water  off  the  Butt  of  the  Lews.  The  cold  water 
abuts  against  the  warm — there  is  no  barrier  between 
them.  Part  of  the  warm  water  flows  over  the 
cold  indraught,  and  forms  the  upper  layer  in  the 
F*roe  channel.  What  prevents  the  cold  water  from 
slipping,  by  virtue  of  its  greater  weight,  under  the 
warm  water  off  the  Butt  of  the  Lews  ?  It  is  quite 
evident  that  there  must  be  some  force  at  work 
keeping  the  warm  water  in  that  particular  position, 
or,  if  it  be  moving,  compelling  it  to  follow  that 
particular  course.  The  comparatively  high  tem- 
perature from  100  fathoms  to  900  fathoms  I  have 
always  attributed  to  the  northern  accumulation  of 
the  water  of  the  Gulf-stream.  The  amount  of  heat 
derived  directly  from  the  sun  by   the  water  as  it 
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passes  through  any  particular  region,  must  be  re- 
garded, as  I  have  already  said,  as  depending  almost 
entirely  upon  latitude.  Taking  this  into  account, 
the  surface  temperatures  in  what  we  were  in  the 
habit  of  calling  the  *  warm  area '  coincided  precisely 
with  Peter mann's  curves  indicating  the  northward 
path  of  the  Gulf-stream. 

I  extract  the  following  from  a  letter  dated  23rd 
September,  1872,  from  Professor  H.  Mohn,  director  of 
the  Norwegian  Meteorological  Institute  at  Christiania, 
to  Mr.  Buchan,  the  excellent  secretary  of  the  Scottish 
Meteorological  Society  : — "  I  have  this  summer  got 
some  deep-sea  temperatures  which  may  be  of  general 
interest  for  our  climate.  In  the  Throndhjems-Qord 
I  found  16° '5  C.  on  the  surface,  and  from  50  fathoms 
to  the  bottom  (200  fathoms)  a  very  uniform  tempera- 
ture of  6°  6  C.  in  one  place,  and  6°  C.  in  another 
place  further  in.  In  the  Soeguefjord  I  found  16°  C. 
on  the  surface,  and  6°'5  C.  constantly  from  10  to 
700  fathoms.  Between  Iceland  and  Fsferoe,  lieu- 
tenant Mliller,  commander  of  the  Bergen  and  Iceland 
steamer,  has  found  this  summer  8°  C.  at  the  bottom 
in  300  fathoms.  This  proves  that  the  Gulf-stream 
water  fills  the  whole  of  the  channel,  contrary  to 
what  is  the  case  in  the  Paeroe-Shetland  channel, 
where  there  is  ice-cold  water  in  a  depth  of  300 
fathoms."  The  facts  here  mentioned  are  very 
important,  and  entirely  confirm  our  results ;  but  my 
chief  object  in  giving  the  quotation  is  to  show  the 
unhesitating  way  in  which  the  explanation  which 
attributes  the  high  temperature  of  the  sea  on  the 
Scandinavian  coast  to  the  Gulf-stream  is  adopted  by 
those  best  qualified  to  form  an  opinion. 
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The  North  Atlantic  and  Arctic  seas  form  together 
a  cul  de  sac  closed  to  the  northward,  for  there  is 
practically  no  passage  for  a  body  of  water  througli 
Behring's  Strait.  While,  therefore,  a  large  portion 
of  the  water,  finding  no  free  outlet  towards  the 
north-east,  turns  southward  at  the  A§ores,  the  re- 
mainder, instead  of  thinning  off,  has  rather  a  ten- 
dency to  accumulate  against  the  coasts  bounding 
the  northern  portions  of  the  trough.  We  accordingly 
find  that  it  has  a  depth  off  the  west  coast  of  Iceland 
of  at  least  4,800  feet,  with  an  unknown  lateral 
extension.  Dr.  Carpenter,  discussing  this  opinion, 
says:  "  It  is  to  me  physically  inconceivable  that 
this  surface  film  of  lighter  (because  warmer)  water 
should  collect  itself  together  again— even  supposing 
it  still  to  retain  any  excess  of  temperature — and 
should  burrow  downwards  into  the  *  trough,'  dia- 
placing  colder  and  heavier  water^  to  a  depth  much 
greater  than  that  which  it  possesses  at  the  point  of 
its  greatest  ^  glory ' — its  passage  through  the  Florida 
Narrows,  The  upholders  of  this  hypothesis  have  to 
explain  how  such  a  re-collection  and  dipping-down 
of  the  Gulf-stream  water  is  to  be  accounted  for  on 
physical  principles."  ^  I  believe  that  as  a  rule, 
experimental  imitations  on  a  small  scale  are  of  little 
use  in  the  illustration  of  natural  phenomena ;  a  very 
simple  experiment  will,  however,  show  that  such  a 
process  is  possible.  If  we  put  a  tablespoonful  of 
cochineal  into  a  can  of  hot  water,  so  as  to  give  it 
a  red  tint,  and  then  run  it  through  a  piece  of  india- 
rubber  tube  with  a  considerable  impulse  along  the 
surface  of  a  quantity  of  cold  water  in  a  bath,  we  see 

^  Dr.  Carpenter's  Address  to  Geographical  Society,  op.  cit. 
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the  red  stream  widening  out  and  becoming  paler 
over  the  general  surface  of  the  water  till  it  reaches 
the  opposite  edge,  and  very  shortly  the  rapidly 
heightening  colour  of  a  band  along  the  opposite 
wall  indicates  an  accumulation  of  the  coloured  water 
where  its  current  is  arrested.  If  we  now  dip  the 
hand  into  the  water  of  the  centre  of  the  bath,  a  warm 
bracelet  merely  encircles  the  wrist ;  while  at  the  end 
of  the  bath  opposite  the  warm  influx,  the  hot  water, 
though  considerably  mixed,  envelopes  the  whole  hand. 

The  North  Atlantic  forms  a  basin  closed  to  the 
northward.  Into  the  comer  of  this  basin,  as  into  a 
bath, — with  a  north-easterly  direction  given  to  it  by 
its  initial  velocity,  as  if  the  supply  pipe  of  the  bath 
were  turned  so  as  to  give  the  hot  water  a  definite 
impulse, — this  enormous  flood  is  poured,  day  and 
night,  winter  and  summer.  When  the  basin  is  full 
— and  not  till  then — overcoming  its  northern  impulse, 
the  surplus  water  turns  southwards  in  a  southern 
eddy,  so  that  there  is  a  certain  tendency  for  the 
hot  water  to  accumulate  in  the  northern  basin, 
to  M)ank  down' ^  along  the  north-eastern  coasts. 

It  is  scarcely  necessary  to  say  that  for  every  unit 
of  water  which  enters  the  basin  of  the  North 
Atlantic,  and  which  is  not  evaporated,  an  equivalent 
must  return.  As  cold  water  can  gravitate  into  the 
deeper  parts  of  the  ocean  from  all  directions,  it  is 
only  under  peculiar  circumstances  that  any  move- 
ment having  the  character  of  a  current  is  induced; 

*  Ocean  Currents.  An  Address  delivered  to  the  Royal  United 
Service  Institution  June  15th,  1871.  By  J.  K.  Laughton,  M.A., 
Naval  Instructor  at  the  Royal  Naval  College.  (From  the  Journal  of 
the  Institution,  vol.  xv.) 
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these  circumstances  occur,  however,  in  the  confined 
and  contracted  communication  between  the  North 
Atlantic  and  the  Arctic  Sea.  Between  Cape  Fare- 
well and  North  Cape  there  are  only  two  channels 
of  any  considerable  deptl^  the  one  very  narrow 
along  the  east  coast  of  Iceland,  and  the  other 
along  the  east  coast  of  Greenland.  The  shallow 
part  of  the  sea  is  entirely  occupied,  at  all  events 
during  summer,  by  the  warm  water  of  the  Gulf- 
stream,  except  at  one  point,  where  a  rapid  current 
of  cold  water,  very  restricted  and  very  shallow, 
sweeps  round  the  south  of  Spitzbergen  and  then 
dips  under  the  Gulf-stream  water  at  the  northern 
entrance  of  the  German  Ocean. 

This  cold  flow,  at  first  a  current,  finally  a  mere 
indraught,  afibcts  greatly  the  temperature  of  the 
German  Ocean ;  but  it  is  entirely  lost,  for  the  slight 
current  which  is  again  produced  by  the  great  con- 
traction at  the  Strait  of  Dover,  has  a  summer  tem- 
perature of  7'*'5  C.  The  path  of  the  cold  indraught 
from  Spitzbergen  may  be  readily  traced  on  the  map 
by  the  depressions  in  the  surface  isothermal  lines,  and 
in  dredging  by  the  abundance  of  gigantic  amphi- 
podous  and  isopodous  crustaceans,  and  other  well- 
knoAvn  Arctic  animal  forms. 

From  its  low  initial  velocity  the  Arctic  return 
current,  or  indraught,  must  doubtless  tend  slightly 
in  a  westerly  direction,  and  the  higher  specific  gravity 
of  the  cold  water  may  probably  even  more  power* 
fully  lead  it  into  the  deepest  channels ;  or  possibly 
the  two  cause*  may  combine,  and  in  the  course  of 
ages  the  currents  may  hollow  out  deep  south- 
westerly grooves.     At  all  events,  the  main  Arctic 
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return  currents  are  very  visible  on  the  chart  taking 
this  direction,  indicated  by  marked  deflections  of 
the  isothermal  lines.  The  most  marked  is  the 
Labrador  current,  which  passes  down  inside  the 
Gulf-stream  along  the  coasts  of  Carolina  and  New 
Jersey,  meeting  it  in  the  strange  abrupt  *  cold 
wall,'  dipping  under  it  as  it  issues  from  the  Gulf, 
coming  to  the  surface  again  on  the  other  side, 
and  a  portion  of  it  actually  passing,  under  the  Gulf- 
stream,  as  a  cold  counter-current  into  the  Gulf  of 
Mexico. 

Fifty  or  sixty  miles  out  from  the  west  coast  of 
Scotland,  I  believe  the  Gulf-stream  forms  another, 
though  a  very  mitigated,  *cold  wall.'  In  1868, 
after  our  first  investigation  of  the  very  remarkable 
cold  indraught  into  the  channel  between  Shetland  and 
Pseroe,  I  stated  my  belief  that  the  current  was  entirely 
banked  up  in  the  Faeroe  Channel  by  the  Gulf-stream 
passing  its  gorge.  Since  that  time  I  have  been  led 
to  suspect  that  a  part  of  the  Arctic  water  oozes  down 
the  Scottish  coast,  much  mixed,  and  sufficiently 
shallow  to  be  aflFected  throughout  by  solar  radiation. 
About  sixty  or  seventy  miles  from  shore  the  isother- 
mal lines  have  a  slight  but  uniform  deflection. 
Within  that  line  types  characteristic  of  the  Scandi- 
navian fauna  are  numerous  in  shallow  water,  and 
in  the  course  of  many  years'  use  of  the  towing  net 
I  have  never  met  with  any  of  the  Gulf-stream 
pteropods,  or  of  the  lovely  Polycystina  and  Acantho- 
metrina  which  absolutely  swarm  beyond  that  limit. 
The  difiference  in  mean  temperature  between  the 
east  and  west  coasts  of  Scotland,  amounting  to 
about   1°C.,  is  also   somewhat  less   than  might  be 
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expected  if  the  Gulf-stream  came  close  to  the  western 
shore. 

While  the  communication  between  the  North 
Atlantic,  and  the  Arctic  Sea — itself  a  second  cul 
de  sac — is  thus  restricted,  limiting  the  interchange  of 
warm  and  cold  water  in  the  normal  direction  of  the 
flow  of  the  Gulf-stream,  and  causing  the  diversion  of 
a  large  part  of  the  stream  to  the  southwards,  the 
communication  with  the  Antarctic  basin  is  as  open  as 
the  day ; — a  continuous  and  wide  valley  upwards  of 
2,000  fathoms  in  depth  stretching  northwards  along 
the  western  coasts  of  Africa  and  Europe. 

That  the  southern  water  wells  up  into  this  valley 
there  could  be  little  doubt  from  the  form  of  the 
ground;  but  here  again  we  have  curious  corroborative 
evidence  on  the  map  in  the  remarkable  reversal  of  the 
curves  of  the  isotherms.  The  temperature  of  the  bot- 
tom water  at  1,230  fathoms  off  Rockall  is  3°-22  C, 
exactly  the  same  as  that  of  water  at  the  same  depth  in 
the  serial  sounding,  lat.  47°  38'  N.,  long.  12°  08' W.  in 
the  Bay  of  Biscay,  which  affords  a  strong  presumption 
that  the  water  in  both  cases  is  derived  from  the  same 
source  ;  and  the  bottom  water  off  Rockall  is  warmer 
than  the  bottom  water  in  the  Bay  of  Biscay  (2°'5  C), 
while  a  cordon  of  temperature  soundings  drawn  from 
the  north-west  of  Scotland  to  a  point  on  the  Iceland 
shallow  gives  no  temperature  lower  than  6°'5  C.  This 
makes  it  very  improbable  that  the  low  temperature 
of  the  Bay  of  Biscay  is  due  to  any  considerable  por- 
tion of  the  Spitzbergen  current  passing  down  the  west 
coast  of  Scotland;  and  as  the  cold  current  to  the 
east  of  Iceland  passes  southwards  considerably  to  the 
Avestward,  as  indicated  on  the  map  by  the  successive 
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depressions  in  the  surface  isotherms,  the  balance  of 
probability  seems  to  be  in  favour  of  the  view  that  the 
conditions  of  temperature  and  the  slow  movement  of 
this  vast  mass  of  moderately  cold  water,  nearly  two 
statute  miles  in  depth,  are  to  be  referred  to  an 
Antarctic  rather  than  to  an  Arctic  origin. 

The  North  Atlantic  Ocean  seems  to  consist  first  of 
a  great  sheet  of  warm  water,  the  general  northerly 
reflux  of  the  equatorial  current.  Of  this  the  greater 
part  passes  through  the  Strait  of  Florida,  and  its 
north-easterly  flow  is  aided  and  maintained  by  the 
anti-trades,  the  whole  being  generally  called  the 
Gulf-stream.  This  layer  is  of  varying  depths,  ap- 
parently from  the  observations  of  Captain  Chimmo 
and  others,  thinning  to  a  hundred  fathoms  or  so  in 
the  mid- Atlantic,  but  attaining  a  depth  of  700  to  800 
fathoms  off  the  west  coasts  of  Ireland  and  Spain. 
Secondly  of  a  '  stratum  of  intermixture '  which  ex- 
tends to  about  200  fathoms  in  the  Bay  of  Biscay, 
through  which  the  temperature  falls  rather  rapidly ; 
and  thirdly,  of  an  underlying  mass  of  cold  water, 
in  the  Bay  of  Biscay  1,500  fathoms  deep,  derived  as 
an  indraught  falling  in  by  gravitation  from  the 
deepest  available  source,  whether  Arctic  or  Antarctic. 
It  seems  at  first  sight  a  startling  suggestion, 
that  the  cold  water  filling  deep  ocean  valleys  in  the 
northern  hemisjihere  may  be  partly  derived  from 
the  southern;  but  this  difficulty,  I  believe,  arises 
from  the  idea  that  there  is  a  kind  of  diaphragm  at 
the  equator  between  the  northern  and  southern  ocean 
basins,  one  of  the  many  misconceptions  which  follow 
in  the  train  of  a  notion  of  a  convective  circulation  in 
the  sea  similar  to  that  in  the  atmosphere.     There  is 
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undoubtedly  a  gradual  elevation  of  an  intertropical 
belt  of  the  underlying  cold  Avater,  which  is  being 
raised  by  the  subsiding  of  still  colder  water  into  its 
bed  to  supply  the  place  of  the  Avater  removed  by  the 
equatorial  current  and  by  excessive  evaporation ;  but 
such  a  movement  must  be  widely  and   irregularly 
diffused  and  excessively  slow,  not  in  any  sense  com- 
parable with  the  diaphragm  produced  in  the  atmo- 
sphere by  the  rushing  upwards  of  the  north-east  and 
south-east  trade-winds  in  the  zone  of  calms.    Perhaps 
one  of  the  most  conclusive  proofs  of  the  extreme 
slowness  of  the  movement  of  the  deep  indraught  is 
the  nature  of  the  bottom.     Over  a  great  part  of  the 
floor  of  the  Atlantic  a  deposit  is  being  formed  of 
microscopic  shells.     These   with   their   living  inha- 
bitants diflfer  little  in  specific  weight  from  the  water 
itself,  and  form  a  creamy  flocculent  layer,  which  must 
be  at  once  removed  wherever  there  is  a  perceptible 
movement.      In  water   of    moderate   depth,   in   the 
course  of  any  of  the  currents,  this  deposit  is  entirely 
absent,  and  is  replaced  by  coarser  or  finer  gravel. 

It  is  only  on  the  surface  of  the  sea  that  a  line  is 
drawn  between  the  two  hemispheres  by  the  equatorial 
current,  whose  effect  in  shedding  a  vast  intertropical 
drift  of  water  on  either  side  as  it  breaks  against  the 
eastern  shores  of  equatorial  land  may  be  seen  at  a 
glance  on  the  most  elementary  physical  chart. 

The  Gulf-stream  loses  an  enormous  amount  of  heat 
in  its  northern  tour.  At  a  point  200  miles  west  of 
Ushant,  where  observations  at  the  greatest  depths 
were  made  on  board  the  *  Porcupine,'  a  section  of 
the  water  of  the  -Atlantic  shows  three  surfaces  at 
which   interchange  of  temperature  is  taking  place. 
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First,  the  surface  of  the  sea — that  is  to  say,  the 
upper  surface  of  the  Gulf-stream  layer — is  losing 
heat  rapidly  by  radiation,  by  contact  with  a  layer  of 
air  which  is  in  constant  motion  and  being  per- 
petually cooled  by  convection,  and  by  the  con- 
version of  water  into  vapour.  *  As  this  cooling  of 
the  Gulf-stream  layer  takes  place  principally  at  the 
surface,  the  temperature  of  the  mass  is  kept  pretty 
uniform  by  convection.  Secondly,  the  band  of  con- 
tact of  the  lower  surface  of  the  Gulf-stream  water 
with  the  upper  surface  of  the  cold  indraught.  Here 
the  interchange  of  temperature  must  be  very  slow, 
though  that  it  does  take  place  is  shown  by  the 
slight  depression  of  the  surface  isotherms  over  the 
principal  paths  of  the  indraught.  But  there  is  a 
good  deal  of  intermixture  extending  through  a  con- 
siderable layer.  The  cold  w^ater  being  beneath, 
convection  in  the  ordinary  sense  cannot  occur,  and 
interchange  of  temperature  must  depend  mainly 
upon  conduction  and  diffusion,  causes  which  in  the 
case  of  masses  of  water  must  be  almost  secular  in 
their  action,  and  probably  to  a  much  greater  extent 
upon  mixture  produced  by  local  currents  and  by 
the  tides.  The  third  surface  is  that  of  contact  be- 
tween the  cold  indraught  and  the  bottom  of  the 
sea.  The  temperature  of  the  crust  of  the  earth 
has  been  variously  calculated  at  from  4°  to  11°  C, 
but  it  must  be  completely  cooled  down  by  anything 
like  a  movement  and  constant  renewal  of  cold  water. 

*  On  Deep-sea  Climates.  The  Substance  of  a  Lecture  delivered  to 
the  Natural  Science  Class  in  Queen's  College,  Belfast,  at  the  close  of 
the  Summer  Session  1870,  by  Professor  Wyville  Thomson.  (^Nature, 
July  28tb,  1870.) 
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All  we  can  say,  therefore,  is  that  contact  with  the 
bottom  can  never  be  a  source  of  depression  of  tem- 
perature. As  a  general  result  the  Gulf-stream  water 
is  nearly  uniform  in  temperature  throughout  the 
greater  part  of  its  depth;  there  is  a  marked  zone 
of  intermixture  at  the  junction  between  the  warm 
Avater  and  the  cold,  and  the  water  of  the  cold 
indraught  is  regularly  stratified  by  gravitation ; 
so  that  in  deep  water  the  contour  lines  of  the 
sea-bottom  are,  speaking  generally,  lines  of  equal 
temperature.  Keeping  in  view  the  enormous  in- 
fluence which  ocean  currents  exercise  in  the  dis- 
tribution of  climates  at  tlie  present  time,  I  think 
it  is  scarcely  going  too  far  to  suppose  that  such 
currents — movements  communicated  to  the  water  by 
constant  winds — existed  at  all  geological  periods  as 
the  great  means,  I  had  almost  said  the  sole  means, 
of  producing  a  general  oceanic  circulation,  and  thus 
distributing  heat  in  the  ocean.  They  must  have 
existed,  in  fact,  wherever  equatorial  land  inter- 
rupted the  path  of  the  drift  of  the  trade-winds. 
Wherever  a  warm  current  was  deflected  to  north 
or  south  from  the  equatorial  belt  a  polar  indraught 
crept  in  beneath  to  supply  its  place ;  and  the  ocean 
consequently  consisted,  as  in  the  Atlantic  and 
doubtless  in  the  Pacific  at  the  present  day,  of  an 
upper  warm  stratum,  and  a  lower  layer  of  cold 
water  becoming  gradually  colder  with  increa^sing 
depth. 

I  fear,  then,  that  in  opposition  to  the  views  of 
my  distinguished  colleague,  I  must  repeat  that  I 
have  seen  as  yet  no  reason  to  modify  the  opinion 
which  I  have  consistently  held  from  the  first,  that 
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the  remarkable  conditions  of  climate  on  the  coasts 
of  Northern  Europe  are  due  in  a  broad  sense  solely 
to  the  Gulf-stream.  That  is  to  say,  that  although 
movements,  some  of  tbcm  possibly  of  considerable 
importance,  must  be  produced  by  dififerences  of  spe- 
cific gravity,  yet  the  influence  of  the  great  current 
which  we  call  the  Gulf-stream,  the  reflux  of  the 
great  equatorial  current,  is  so  paramount  as  to  reduce 
all  other  causes  to  utter  insignificance. 


CnAPTEll  IX. 

THE    DEEP-SEA    FAUNA. 

The  Protozoa  of  the  Deep-sea. — Bathyhius, — *  Coccoliths/  and  '  Cocco- 
epheres.* — The  Foraniinifera  of  the  Warm  and  Cold  Areas. — Deep- 
sea  Sponges.  —  The  Hexactinellidye. — Rossella, —  Hycdonema, — 
Deep-sea  Corals. — The  Stalked  Crinoids. — Fentacnnus, — Hhizo- 
crinus. — Bathycrinus,  —  The  Starfishes  of  the  Deep-sea. — The 
general  Distribution  and  Eelations  of  Deep-sea  Urchins. — The 
Crustacea,  the  Mollusca,  and  the  Fishes  of  the  '  Porcupine '  Expe- 
ditions. 

The  time  lias  not  yet  arrived  for  giving  anything 
like  a  detailed  account  of  the  deep-sea  fauna ;  even 
if  it  were  possible  to  do  so  in  a  popular  sketch  of 
the  general  results  of  a  wide  investigation,  I  must 
therefore  confine  myself  at  present  to  a  brief  outline 
of  the  distribution  of  the  forms  of  animal  life  which 
were  met  with  in  the  belt  partially  examined  during 
the  ^  Porcupine  *  dredgings,  a  belt  which  carries  the 
British  zoological  area  about  a  hundred  miles  further 
out  to  seaward  along  the  northern  and  western  coasts 
of  the  British  Isles,  and  into  depths  extending  from 
200  fathoms,  the  previous  limit  of  accurate  know- 
ledge, to  800  and  1,000  fathoms,  and  in  one  or  two 
instances  to  tlie  extreme  depth  of  upwards  of  2,000 
fathoms. 
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The  remarkable  general  result  that  even  to  these 
great  depths  the  fauna  is  varied  and  rich  in  all  the 
marine  invertebrate  groups,  has  inundated  us  with 
new  material  which  in  several  of  the  larger  depart- 
ments it  will  take  years  of  the  labour  of  specialists 
to  work  up.  While  referring  very  briefly  to  those 
orders  which  it  has  been  found  impossible  as  yet  to 
overtake,  I  will  enter  a  little  more  fully  into  the 
history  of  certain  restricted  groups  which  more  par- 
ticularly illustrate  the  conditions  of  the  abyssal 
region,  and  the  relations  of  its  special  fauna  to  the 
faunae  of  other  zoological  provinces,  or  to  those  of 
earlier  times.  And  very  prominent  among  these 
special  groups  we  find  the  first  and  simplest  of  the  in- 
vertebrate sub-kingdoms,  the  Protozoa,  represented 
by  three  of  its  classes, — the  monera,  the  rhizopoda, 
and  the  sponges. 

The  monera  liave  been  lately  defined  as  a  distinct 
class  by  Professor  Ernst  Haeckel,^  for  a  vast  assem- 
blage of  almost  formless  beings,  apparently  abso- 
lutely devoid  of  internal  structure,  and  consisting 
simply  of  living  and  moving  expansions  of  jelly-like 
protoplasm ;  and  although  the  special  character  on 
which  Haeckel  separates  them  from  the  remainder  of 
the  protozoa, — that  they  are  propagated  by  no  form 
of  sexual  reproduction,  but  simply  by  spontaneous 
division, — may  probably  prove  deceptive  as  our  know- 
ledge increases,  still  their  number,  their  general 
resemblance  to  one  another,  presenting  obviously 
diflterent  and  recognizable  kinds  although  with  very 
indefinable  characters,  and  the  important  part  which 

^  Biologische  Studien.  Von  Dr.  Emst  Ifaeckol,  Professor  an  der 
Universitiit  Jena.     Leipzig,  1870. 
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they  play  in  the  economy  of  nature,  would  seem  to 
entitle  them  to  a  systematic  position  of  more  than 
ordinal  value.  Tlie  German  naturalists  of  the  new 
school,  in  their  enthusiastic  adoption  of  the  Dar- 
winian theory  of  evolution,  naturally  welcome  in 
these  *  moners  *  the  essential  attribute  of  the  *  Ur- 
schleim,*  an  infinite  capacity  for  improvement  in 
every  conceivable  direction  ;  and  to  more  prosaic 
physiologists  they  are  of  the  deepest  interest,  as 
presenting  the  essential  phenomena  of  life,  nutri- 
tion and  irritability,  existing  apparently  simply  as 
the  properties  of  a  homogeneous  chemical  compound, 
and  independent  of  organization. 

The  monera  pass  into  the  rhizopoda,  which  give 
a  slight  indication  of  advance,  in  the  definite  form 
of  the  graceful  calcareous  shell-like  structures  which 
most  of  them  secrete,  and  the  two  groups  may  be 
taken  together. 

The  dredging  at  2,435  fathoms  at  tlie  mouth  of 
the  Bay  of  Biscay  gave  a  very  fair  idea  of  the  con- 
dition of  the  bottom  of  the  sea  over  an  enormous 
area,  as  we  know  from  many  observations  which 
have  now  been  made,  with  the  various  sounding 
instruments  contrived  to  bring  up  a  sample  of  the 
bottom.  On  that  occasion  the  dredge  brought  up 
about  1^  cwt.  of  calcareous  mud.  There  could  be 
little  doubt,  from  the  appearance  of  the  contents  of 
the  dredge,  that  the  heavy  dredge-frame  had  gone 
down  with  a  plunge,  and  partly  buried  itself  in 
the  soft,  yielding  bottom.  The  throat  of  the  dredge 
thus  became  partly  choked,  and  the  free  entrance 
of  the  organisms  on  the  sea-floor  had  been  thus 
prevented.     Tlie  matter  contained  in  the  dredge  con- 
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sisted  mainly  of  a  compact  *  mortar/  of  a  blnisli 
colour,  passing  into  a  thin — evidently  superficial — 
layer,  much  softer  and  more  creamy  in  consistence, 
and  of  a  yellowish  colour.  Under  the  microscope  the 
surface-layer  was  found  to  consist  chiefly  of  entire 
shells  of  Glohigerina  bulloidea  (Fig.  2,  p.  22),  large 
and  small,  and  fragments  of  such  shells  mixed 
with  a  quantity  of  amorphous  calcareous  matter  in 
fine  particles,  a  little  fine  sand,  and  many  spicules, 
portions  of  spicules,  and  shells  of  Badiolaria,  a  few 
spicules  of  sponges,  and  a  few  frustules  of  diatoms. 
Below  the  surface-layer  the  sediment  becomes 
gradually  more  compact,  and  a  slight  grey  colour, 
due  probably  to  the  decomposing  organic  matter, 
becomes  more  pronounced,  while  perfect  shells  of 
globigerina  almost  entirely  disappear,  fragments  be- 
come smaller,  and  calcareous  mud,  structureless  and  in 
a  fine  state  of  division,  is  in  greatly  preponderating 
proportion.  One  can  have  no  doubt,  on  examining 
this  sediment,  that  it  is  formed  In  the  main  by  the 
accumulation  and  disintegration  of  the  shells  of 
globigerina — the  shells  fresh,  whole,  and  living  in 
the  surface-layer  of  the  deposit,  and  in  the  lower 
layers  dead,  and  gradually  crumbling  down  by  the 
decomposition  of  their  organic  cement,  and  by  the 
pressure  of  the  layers  above — an  animal  formation 
in  fact  being  formed  very  much  in  the  same  way  as  in 
the  accumulation  of  vegetable  matter  in  a  peat  bog, 
by  life  and  growth  above,  and  death,  retarded  de- 
composition, and  compression  beneath. 

In  this  dredging,  as  in  most  others  in  the  bed 
of  the  Atlantic,  there  was  evidence  of  a  considerable 
quantity  of  soft  gelatinous  organic  matter,  enough 
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to  give  a  slight  viscosity  to  the  mud  of  the  surface 
layer.  If  the  mud  be  shaken  with  weak  spirit  of 
wine,  fine  flakes  separate  like  coagulated  mucus; 
and  if  a  little  of  the  mud  in  which  this  viscid  con- 
dition is  most  marked  be  placed  in  a  drop  of  sea- 
water  under  the  microscope,  we  can  usually  see, 
after  a  time,  an  irregular  network  of  matter  resem- 
bling white  of  egg,  distinguishable  by  its  maintaining 
its  outline  and  not  mixing  with  the  water.  This 
network  may  be  seen  gradually  altering  in  form,  and 
entangled  granules  and  foreign  bodies  change  their 
relative  positions.  The  gelatinous  matter  is  therefore 
capable  of  a  certain  amount  of  movement,  and  there 
can  be  no  doubt  that  it  manifests  the  phenomena  of 
a  very  simple  form  of  life. 

To  this  organism,  if  a  being  can  be  so  called  which 
shows  no  trace  of  differentiation  of  organs,  consist- 
ing apparently  of  an  amorphous  sheet  of  a  protein 
compound,  irritable  to  a  low  degree  and  capable  of 
assimilating  food.  Professor  Huxley  has  given  the 
name  of  Bathybitia  haeckelii  (Fig.  63).  If  this  have  a 
claim  to  be  recognized  as  a  distinct  living  entity,  ex- 
hibiting its  mature  and  final  form,  it  must  be  referred 
to  the  simplest  division  of  the  shell-less  rhizopoda,  or 
if  we  adopt  the  class  proposed  by  Professor  Haeckel, 
to  the  moncra.  The  circumstance  which  gives  its 
special  interest  to  Bathybius  is  its  enormous  extent : 
whether  it  be  continuous  in  one  vast  sheet,  or  broken 
up  into  circumscribed  individual  particles,  it  appears 
to  extend  over  a  large  part  of  the  bed  of  the  ocean ; 
and  as  no  living  thing,  however  slowly  it  may  live, 
is  ever  perfectly  at  rest,  but  is  continually  acting  and 
reacting  with   its  surroundings,  the  bottom  of  the 
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sea  becomes  like  the  surface  of  the  sea  and  of  the 
land, — a  theatre  of  change,  performing  its  part  in 
maintaining  the  '  balance  of  organic  nature.* 


'  BiologUche  Studten.    Von  Dr.  Ernst  Haeukel,  Profeasor  an  dcr 
Universitiit  Jena.     I«i[)xi^,  1870. 
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Entangled  and  borne  along  in  the  viscid  streams 
of  Bathybius,  we  so  constantly  find  a  multitude  of 
minute  calcareous  bodies  of  a  peculiar  shape,  that 
the  two  were  for  long  supposed  to  have  some 
mutual  relation  to  one  another.  These  small  bodies, 
which  have  been  carefully  studied  by  Huxley,^ 
Sorby,^  Haeckel,^  Carter,*  Gumbel,^  and  others,  are 
in  shape  somewhat  like  oval  shirt-studs.  There  is 
first  a  little  oval  disk  about  0*01  mm.  in  length,  with 
an  oblong  rudely  facetted  elevation  in  the  centre, 
and  round  that,  in  fresh  specimens,  what  seems  to  be 
a  kind  of  frill  of  organic  matter,  then  a  short  neck, 
and  lastly  a  second  smaller  fiat  disk,  like  the  disk 
at  the  back  of  a  stud.  To  these  bodies,  which  are 
met  with  in  all  stages  of  development,  Professor 
Huxley  has  given  the  name  of  *  coccoliths.*  Some- 
times they  are  found  aggregated  on  the  surface  of 
small  transparent  membranous  balls,  and  these 
which  seemed  at  first  to  have  something  to  do  with 
the  production  of  the  *  coccoliths  *  Dr.  Wallich  has 
called  *  coccospheres '  (Fig.  64).  Professor  Ernst 
Haeckel  has  lately  described  a  very  elegant  organ- 
ism belonging  to  the  radiolaria  and  apparently 
allied  to  Thalassicolla, — Myxobrachia  rhopalum^ — and 
at  the  ends  of  some  curious  diverging  appendages 
of  this  creature  he  has  detected  accumulations  of 
bodies  closely  resembling,  if  not  identical  with,  the 
coccoliths  and  coccospheres  of  the  sea-bottom.     These 

^  Quarterly  Journal  of  Microscopical  Science,  1 868,  p.  203. 
2  Proceedings  of  the  Sheffield  Literary  and  Philosophical  Society, 
Octf»ber  1860.  '  Op.  cit. 

*  Ann.  and  Mng.  Nat.  Hist.  1871,  p.  184. 
^  Jalirbuch  Miinch.   1870,  p   753. 
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bodies  seem  to  have  been  taken  in  to  the  Myxo- 
brachia  as  food,  the  hard  parts  accumulating  lu 
cavities  in  the  animal's  body  after  all  the  available 
nourishment  had  been  absorbed.  It  is  undoubted 
that  a  large  number  of  the  organisms  whose  skele- 
tons are  mixed  with  the  ooze  of  the  bottom  of  the 
sea  live  on  the  surface,  tbe  delicate  silicious  or  cal- 
careous shields  or  spines  falling  gradually  through 


the  water  and  finally  reaching  the  bottom,  what- 
ever be  the  depth.  I  think  that  now  the  balance  of 
opinion  is  in  favour  of  the  view  that  the  coccoliths 
are  joints  of  a  minute  unicellular  alga  living  on  the 
sea-surfaee  and  sinking  down  and  mixing  with  the 
Barcode  of  Bathybius,  very  probably  taken  into  it  with 
a  purpose,  for  the  sake  of  the  vegetable  matter 
they  may  contain,  and  which  may  afford  food  for 
the  animal  jelly.     What  the  coceospherea  are,  and 
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what  relation,  if  any,  they  have  to  the  coccoliths, 
we  do  not  know. 

Living  upon  and  among  this  Bathybiua^  we  find 
a  multitude  of  other  protozoa, — foraminifera  and 
other  rhizopods,  radiolarians,  and  sponges;  and  we 
as  yet  know  very  little  of  the  life-history  of  these 
groups.  There  can  be  no  doubt  that  when  their 
development  has  been  fully  traced  many  of  them 
will  be  found  to  be  di-  or  poly-morphic,  and  that 
when  we  are  acquainted  with  their  mode  of  multi- 
plication we  shall  meet  with  many  eases  of  pleo- 
morphism  and  wide  differences  between  the  organs 
and  products  involved  in  propagation  and  in  repro- 
duction. I  feel  by  no  means  satisfied  that  JBathybius 
is  the  permanent  form  of  any  distinct  living  being. 
It  has  seemed  to  me  that  different  samples  have  been 
different  in  appearance  and  consistence;  and  although 
there  is  nothing  at  all  improbable  in  the  abundance 
of  a  very  simple  shell-less  *moner'  at  the  bottom 
of  the  sea,  I  think  it  not  impossible  that  a  great 
deal  of  the  *bathybius,'  that  is  to  say  the  diffused 
formless  protoplasm  which  we  find  at  great  depths, 
may  be  a  kind  of  mycelium — a  formless  condition 
connected  either  with  the  growth  and  multiplication 
or  with  the  decay — of  many  different  things. 

Many  foraminifera  of  different  groups  inhabit 
the  deep  water,  lying  upon  or  mixed  in  the  upper 
layer  of  the  globigerina  ooze,  or  fixed  to  some  foreign 
body,  such  as  a  sponge,  coral,  or  stone;  and  all  of 
these  are  remarkable  for  their  large  size.  In  the 
^warm  area/  and  wherever  the  bottom  is  covered  with 
ooze,  calcareous  forms  predominate,  and  large  sandy 
cristellarians,  with  their  sand-grains  bound  together 
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by  calcareous  cement,  so  that  the  sand-grains  show 
out,  dark  and  conspicuous,  scattered  on  the  surface 
of  the  white  shell.  Miliolines  are  abundant,  and 
the  specimens  of  Coniuspira  and  Biloculina  are 
greatly  larger  than  anything  which  has  been  hitherto 
met  with  in  temperate  regions,  recalling  the  tropical 
forms  which  abound  among  the  Pacific  Islands. 

In  the  cold  area,  and  in  the  paths  of  cold  currents, 
foraminifera  with  sandy  tests  are  more  numerous ; 
some  of  those  of  the  genera  Astrorhizaj  Lituola^ 
and  Botellina  are  gigantic — large  examples  30  mm. 
long  by  8  mm.  in  diameter. 

The  few  hauls  of  the  dredge  which  we  have  already 
had  in  deep  water  have  been  enough  to  teach  us  that 
our  knowledge  of  sponges  is  in  its  infancy, — that  those 
which  we  have  collected  from  shallow  water  along 
our  shores,  and  even  those  few  which  have  been 
brought  up  from  deep  water  on  fishing  lines,  and 
have  surprised  us  by  the  beauty  of  their  forms  and 
the  delicacy  of  their  lustre,  are  the  mere  margin  and 
remnant  of  a  wonderfully  diversified  sponge-fauna 
which  appears  to  extend  in  endless  variety  over  the 
whole  of  the  bottom  of  the  sea.  I  cannot  attempt 
here  more  than  a  mere  outline  of  the  general  cha- 
racter of  the  additions  which  have  been  made  to  our 
knowledge  of  this  group.  The  sponges  of  the  *  Por- 
cupine' Expedition  are  now  in  the  hands  of  Mr. 
Henry  Carter,  F.R.S.,  for  description;  and  an  ex- 
cellent sketch  of  the  sponge-fauna  of  the  deep  Atlan- 
tic, bringing  information  on  certain  groups  up  to  a 
late  date,  has  been  published  by  the  best  authority 
we  have  on  sponges.  Professor  Oscar  Schmidt  of 
Gratz. 
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As  I  have  already  said,  the  most  remarkable  new 
forms  are  referable  to  the  group  which  seems  to  be, 
in  a  sense  special  to  deep  water,  the  HexactinellidaB. 
I  have  already  (p.  70)  briefly  described  one  of  the 
most  abundant  and  singular  forms  belonging  to  this 
order,    Sollenia    carpenteH;    and    all    the    others, 
though  running  through  most  remarkable  variations 
in  form  and  general  appearance,  agree  with  Holtenia 
in  essential  structure.     In  the  Hexactinelli^ae  all  the 
spicules,  so  far  as  we  know,  are  formed  on  the  hex- 
radiate  plan ;  that  is  to  say,  there  is  a  primary  axis, 
which  may  be  long  or  short,  and  at  one  point  four 
secondary  rays  cross  this  central  shaft  at  right  angles. 
Very  often  one-half  of  the  central  shaft  is  absent  or 
is  represented  by  a  slight  rounded  boss,  and  in  that 
case  we  have  a  spicule  with  a  cross-shaped  head,  a 
very  favourite  form  in  the  manufacture,  defence,  and 
ornament  of  the  surface  layer  of  these  sponges ;  and 
often  the  secondary  rays  are  undeveloped:   but  if 
that  be  so, — as   in   the  long    fibres   of   the   whisp 
of   Hyalonema^ — in  young    spicules   and   in   others 
which   are   slightly  abnormal,  four  little  elevations 
near  the  middle  of  the  spicule,  which  contain  four 
secondary  branches  of  the  central  canal,  maintain  the 
permanence  of  the  type.     In  many  of  the  Hexac- 
tinellidse  the  spicules  are  all  distinct,  and  combined, 
as  in  Holteniaj  by  a  small  quantity  of  nearly  trans- 
parent sarcode ;  but  in  others,  as  in  *  Venus' s  flower- 
basket,'   and   the   nearly    equally    beautiful   genera 
Iphiteofij   Aphrocallistea,   and   Farrea,   the    spicules 
run  together  and  make  a  continuous  silicious  net- 
work.    When  this  is  the  case  the  sponge  may  be 
boiled  in  nitric  acid,  and  all  the  organic  matter  and 
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other  impurities  thus  removed,  when  the  skeleton 
comes  out  a  lovely  lacy  structure  of  the  clearest 
glass.  The  six-rayed  form  of  the  spicules  gives  the 
network  which  is  the  result  of  their  fusion  great 
flexibility  of  design,  with  a  characteristic  tendency, 
however,  to  square  meshes. 

On  the  30th  of  August,  1870,  Mr.  Gwyn  Jeflfreys 
dredged  in  651  fathoms  in  the  Atlantic  off  the  mouth 
of  the    Strait   of    Gibraltar    an    exquisite    sponge, 
resembling  Holtenm  in  its  general  appearance,  but 
differing  from  it  in  the  singular  and  beautiful  cha- 
racter of  having  a  delicate  outer  veil  about  a  centi- 
metre from  the  surface  of  the  sponge,  formed  by  the 
interlacing  of  the  four  secondary  rays  of  large  five- 
rayed  spicules,  which  send  their  long  shafts  from  that 
point  vertically  into  the  sponge  body  (Fig.  65).    The 
surface  of  the  sponge  is  formed  of  a  network  of  large 
five-radiate  spicules,  arranged  very  much  as  in  Hoi- 
tenia;    but  the  spicules  of  the   sarcode — the  small 
spicules  which  are  imbedded  in  the  living  sponge-jelly 
— are  of  a  totally  different    form.     A   single  large 
*  osculum '  opens,  as  in  Holteniay  at  the  top  of  the 
sponge,    but   instead    of  forming  a  cup   uniformly 
lined  with  a  netted   membrane,  the  oscular  cavity 
divides  at  the  bottom  into  a  number  of  branching 
passages  as  in  Pheronema   anncR^  described  by  Dr. 
Leidy.     I  was  inclined  at  first  to  place  this  species 
in  the  genus  Pheronema^  but  Dr.  Leidy's  descrip- 
tion and  figure   are  by  no  means   satisfactory,  and 
may  refer  to  some  other  form  of  the  Sol  tenia  group. 
The  spicules  of  the  *  beard '  are  more  rigid  and  thicker 
than  those  of  Holtenia^  and  scattered  among  them 
are  some  very  large  four-barbed  grappling  hooks. 
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Off  the  Butt  of  the  Lews,  in  water  of  450  to  600 
fathoms,  we  met  on  two  occasions  with  full-grown 
specimens  of  a  species  of  the  remarkable  genus 
jkyalonema  (Fig.  66),  with  the  coils  in  the  larger 
examples  upwards  of  40  centimetres  in  length. 
Hyalonema  is  certainly  a  very  striking  object;  and 
although  our  specimens  belong  apparently  to  the 
same  species,  H.  Itmtanicunif  which  has  already  been 
recorded  by  Professor  Barboza  du  Bocage  from  the 
coast  of  Portugal,  it  is  one  of  the  most  interesting 
additions  made  to  the  British  fauna  during  our 
cruise. 

A  bundle  of  from  200  to  300  threads  of  trans- 
parent  silica,  glistening  with  a  silky  lustre,  like  the 
most  brilliant  spun-glass, — each  thread  from  30  to  40 
centimetres  long,  in  the  middle  the  thickness  of  a 
knitting  needle,  and  gradually  tapering  towards  either 
end  to  a  fine  point ;   the  whole  bundle  coiled  like  a 
strand  of  rope  into  a  lengthened  spiral,  the  threads  of 
the  middle  and  upper  portions  remaining  compactly 
coiled  by  a  permanent  twist  of  the  individual  threads ; 
the  lower  part  of  the  coil,  which,  when  the  sponge  is 
living,  is  imbedded  in  the  mud,  frayed  out  so  that  the 
glassy  threads  stand  separate  from  one  another,  like 
the  bristles  of  a  glittering  brush ;  the  upper  portion 
of  the  coil    close  and   compact,   imbedded  perpen- 
dicularly in  a  conical  or  cylindrical  sponge;   and 
usually  part  of  the  upper  portion  of  the  silicious 
coil,    and  part    of  the    sponge  -  substance,    covered 
with  a  brownish  leathery  coating,  whose  surface  is 
studded  with  the  polyps  of  an  alcyonarian  zoophyte : 
— such  is  the  general  effect  of  a  complete  specimen 
of  Hyalonema. 
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The  genus  was  first  known  in  Europe  by  specimens 
brought  from  Japan  by  the  celebrated  naturalist  and 
traveller,  Von  Siebold;  and  Japanese  examples  of 
Ihjalonema  sieboldiy  Gray,  may  now  be  found  more 
or  less  perfect  in  most  of  the  European  museums. 
When  the  first  specimen  of  HyaUmema  was  brought 
home,  the  other  vitreous  sponges  which  approach  it 
so  closely  in  all  essential  points  of  structure  were 
unknown,  and  the  history  of  opinion  as  to  its  rela- 
tions is  curious. 

The  being  consisted  of  three  very  distinct  parts  : 
first,  and  greatly  the  most  remarkable,  the  coil 
of  silicious  needles ;  then  the  sponge,  and  for  long 
it  was  supposed  that  this  was  the  base  of  the  struc- 
ture,— from  which  the  glossy  brush  projected,  spread- 
ing out  above  it  in  the  water  ;  and  thirdly,  the 
apparently  constant  encrusting  zoophyte. 

This  complicated  association  suggested  many  pos- 
sibilities. Was  Hyalonema  a  natural  production  at 
all  ?  Was  it  complete  ?  Were  all  the  three  parts 
essentially  connected  together  ?  And  if  not,  were  all 
the  three  independent,  or  did  two  of  three  parts 
belong  to  the  same  thing  ?  and  if  so,  which  two  ? 

Kyalonema  was  first  described  and  named  in 
1835  by  Dr.  John  Edward  Gray,  who  has  since, 
in  one  or  two  notices  in  the  *  Annals  of  Natural 
History'  and  elsewhere,  vigorously  defended  the 
essential  part  of  his  original  position.  Dr.  Gray 
associated  the  silicious  whisp  with  the  zoophyte, 
and  regarded  the  sponge  as  a  separate  organism. 
He  looked  upon  the  silicious  coil  as  the  representa- 
tive of  the  horny  axis  of  the  sea-fans  {Gorgonice). 
and  the  leather-like   coat  he  regarded  as  its  fleshy 
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rind.  He  supposed  that  between  this  zoophyte  and 
the  sponge  at  its  base,  there  subsisted  a  relation  of 
guest  and  host,  the  zoophyte  being  constantly  asso- 
ciated with  the  sponge ;  and  in  accordance  with  this 
view  he  proposed  for  the  reception  of  the  zoophyte 
a  new  group  of  alcyonarians  under  the  name  of 
*Spongicol8e,'  as  distinguished  from  the  ^Sabulicolse' 
{Fennatulce)  and  the  ^Rupicolse'  {Gorgonice). 

Dr.  Gray's  view  seemed  in  many  respects  a  natural 
one,  and  it  was  adopted  in  the  main  by  Dr.  Brandt 
of  St.  Petersburg,  who  in  1859  published  a  long 
memoir,  describing  a  number  of  specimens  brought 
from  Japan  to  Bussia.  Dr.  Brandt  referred  what  he 
believed  to  be  a  zoophjte  consisting  of  the  coil  and 
the  crust,  to  a  special  group  of  sclerobasic  zoanth- 
carians  with  a  silicious  axis. 

One  consideration  militated  strongly  against  this 
hypothesis  of  Dr.  Gray  and  Professor  Brandt.  No 
known  zoophyte  had  a  purely  silicious  axis;  and 
such  an  axis  made  up  of  loose  separate  spicules 
seemed  strangely  inconsistent  with  the  harmony  of 
the  class.  On  the  other  hand,  silicious  spicules  of 
all  forms  and  sizes  were  conceivable  in  sponges ; 
and  in  1857  Professor  Milne-Edwards,  on  the 
authority  of  Valenciennes,  who  was  thoroughly 
versed  in  the  structure  of  the  Gorgonice j  combined 
the  sponge  with  the  silicious  rope,  and  degraded  the 
zoophyte  to  the  rank  of  an  encrusting  parasite. 

Anything  very  strange  coming  from  Japan  is  to 
be  regarded  with  some  distrust.  The  Japanese  are 
wonderfully  ingenious,  and  one  favourite  aim  of 
their  misdirected  industry  is  the  fabrication  of  im- 
possible monsters  by  the  curious  combination  of  the 
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parts  of  different  animals.     It  was  therefore  quite 
possible  that  the  whole  thing  might  be  an  imposi- 
tion :   that   some  beautiful   spicules   separated  from 
an  unknown  organism  had  been  twisted  into  a  whisp 
by  the  Japanese,  and  then  manipulated  so  as  to 
have  their  fibres  naturally  bound  together  by  the 
sponges  and  zoophytes  which  are  doubtless  rapidly 
developed  in  the  Mongolian  rock-pools.    Ehrenberg, 
when  he  examined  Hyalonenia^  took  this  view.     He 
at  once  recognized  the  silicious  strands  as  the  spicules 
of  a  sponge  quite  independent  of  the  zoophyte  with 
which  they  were  encrusted ;  but  he  suggested  that 
these  might  have  been  artificially  combined  into  the 
spiral  coil  and  placed  under  artificial  circumstances 
favourable  to  the  growth  of  a  sponge  of  a  different 
species  round  their  base.      The  condition  in  which 
many  specimens  reach  Europe  is  certainly  calculated 
to  throw  some  doubt  on  their  genuineness.     It  seems 
that  the  bundles   of  spicules  made   up  in  various 
ways,  are  largely  sold  as  ornaments  in  China  and 
Japan.     The  coils  of  spicules  are  often  stuck  upright 
with  their  upper  ends  in   circular  holes  in  stones. 
Mr.    Huxley    exhibited    a    few   years    ago    at    the 
linnaean  Society  a  beautiful  specimen  of  this  kind 
now  in  xhe    British   Museum: — a  stone    has  been 
bored,  probably  by  a  colony  of  boring  molluscs,  and 
a  whole  colony  of  Hyalonemns^  old  and  young,  arc 
apparently  growing  out  of  the  burrows,  the  larger 
individuals   more   than   a    foot   in  length,  and  the 
young  ones  down  to  an  inch  or  so,  like  tiny  cameFs- 
hair  pencils.     All  these  are  encrusted  by  the  usual 
zoophyte,  which  also  extends  here  and  there  over 
the  stone  (glued  on  probably),  but  there  is  no  trace 
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of  the  sponge.     Such  an  association  is  undoubtedly 
artificial. 

Dr.  Bowerbank,  another  great  sponge  authority, 
takes  yet  another  view.  He  maintains  "that  the 
silicious  axis,  its  envelopment,  and  the  basal  sponge 
are  all  parts  of  the  same  animal."  The  polyps 
he  regards   as   *  oscula,'   forming  with  the   coil   a 

*  columnar  cloacal  system.' 

Professor  Max  Schultze,  of  Bonn,  examined  with 
great  care  several  perfect  and  imperfect  specimens  of 
Hyalonema  in  the  Museum  of  Leyden,  and  in  1860 
published  an  elaborate  description  of  its  structure. 
According  to  Schultze,  the  conical  sponge  is  the 
body-mass  of  Hyalonema^  a  sponge  allied  in  every 
respect  to  Eujplectella ;  and  the  siliceous  coil  is  an 
appendage  of  the  sponge  formed  of  modified  spicules. 
The  zoophyte  is  of  course  a  distinct  animal  altogether, 
and  its  only  connection  with  the  sponge  is  one  of 

*  commensalism.'  It  *  chums'  with  the  sponge  for 
some  purpose  of  its  own, — certainly  getting  support 
from  the  coil,  probably  sharing  the  oxygen  and 
organic  matters  carried  in  by  the  ciliary  system  of 
the  sponge  passages.  This  style  of  association  is 
very  common.  We  have  another  example  of  the 
same  thing  in  Palythoa  aa^ineilce,  Schmidt,  a  con- 
stant *  commensal'  with  Axinella  cinnamomea  and 
A.  verrucosa^  two  Adriatic  sponges. 

In  1864  Professor  Barboza  du  Bocage,  director 
of  the  Museum  of  Natural  History  in  Lisbon,  com- 
municated to  the  Zoological  Society  of  London  the 
unexpected  news  that  a  species  of  Hyalonema  had 
been  discovered  off  the  coast  of  Portugal ;  and  in  1866 
he  published,  in  the  Proceedings  of  the  same  Society, 
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an  additional  note  on  the  habitat  of  Hyalonema  lusi- 
tanictim.  It  appears  that  the  fishermen  of  Setubal 
frequently  bring  up  on  their  lines,  from  a  consider- 
able depth,  coils  of  silicious  threads  closely  resem- 
bling those  of  the  Japanese  species,  which  they 
even  surpass  in  size,  sometimes  attaining  a  length  of 
about  50  centimetres.  The  fishermen  seem  to  be  very 
familiar  with  them.  They  call  them  *  sea-whips,* 
but  with  the  characteristic  superstition  of  their  class 
they  regard  all  these  extraneous  matters  as  *  unlucky,' 
and  usually  tear  them  in  pieces  and  throw  them 
into  the  water.  Judging  from  some  specimens  in 
the  British  Museum,  and  from  Senhor  du  Bocage's 
figure,  the  *  glass-rope'  of  the  Portuguese  form  is 
not  so  thick  as  that  of  IT.  sieboldi.  There  is  also 
some  slight  diflterence  in  the  sculpture  of  the  long 
needles,  but  the  structure  of  the  sponge  and  the  very 
characteristic  forms  of  the  small  spicules  are  identical 
in  the  two.  I  doubt  if  there  be  more  than  varietal 
distinctions  between  the  two  forms ;  and  if  that  be 
so,  it  adds  another  to  the  list  of  species  common  to 
our  seas  and  the  seas  of  Japan. 

Perhaps  the  most  singular  circumstance  connected 
with  this  discussion  was  that  all  this  time  we  had 
been  looking  at  the  sponge  upside  down,  and  that  it 
had  never  occurred  to  anyone  to  reverse  it.  We  had 
probably  taken  this  notion  from  the  specimens  stuck 
in  stones,  brought  from  Japan,  and  the  sponge  cer- 
tainly looked  very  like  the  base  of  the  edifice.  When- 
ever the  sponges  were  dredged  on  the  coasts  of  Europe 
and  compared  with  allied  things,  it  became  evident 
that  the  whisp  was  an  organ  of  support  passing  out 
of  the  lower  part  of  the  sponge,  and  that  the  flat. 
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or  slightly-cupped  disk,  with  a  papilla  in  the  centre 
receiving  the  upper  end  of  the  coil,  with  large  oscular 
openings,  and  a  fringe  of  delicate  radiating  spicules 
round  the  edge,  was  the  top  of  the  sponge,  spreading 
out  probably  level  with  the  surface  of  the  ooze. 

In  essential  structure  Hyalonema  very  closely  re- 
sembles Solteniaj  and  the  more  characteristic  forms 
of  the  Hexactinellidaj.  The  surface  of  the  sponge  is 
supported  by  a  square  network,  formed  by  the  sym- 
metrical arrangement  of  the  four  secondary  rays  of 
five-rayed  spicules,  and  the  sarcode  which  binds  these 
branches  together  is  full  of  minute  feathered  five- 
rayed  spicules,  which  project  from  the  branches  like 
a  delicate  fringe.  The  oscula  are  chiefly  on  the  upper 
disk,  and  lead  into  a  number  of  irregular  passages 
which  traverse  the  body  of  the  sponge  in  all  direc- 
tions. When  we  trace  its  development,  the  coil 
loses  its  mystery.  On  one  of  the  HoltenicB  from  the 
Butt  of  the  Lews,  there  was  a  little  accumulation 
of  greenish  granular  matter  among  the  fibres.  On 
placing  this  under  the  microscope  it  turned  out  to 
be  a  number  of  very  young  sponges,  scarcely  out  of 
their  germ  state.  They  were  all  at  first  sight  very 
much  alike,  minute  pear-shaped  bodies,  with  a  long 
delicate  pencil  of  silky  spicules  taking  the  place  of 
the  pear-stalk.  On  closer  examination,  however,  these 
little  germs  proved  to  belong  to  different  species, 
each  showing  unmistakeably  the  characteristic  forms 
of  its  special  spicules.  Most  of  them  were  the  young 
of  Tisiphonia,  but  among  them  were  several  IToltenice, 
and  one  or  two  were  at  once  referred  to  Hyalonema. 
In  two  or  three  hauls  in  the  same  locality  we  got 
them   in  every    subsequent    stage — beautiful    little 
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pear-shaped  things,  a  centimetre  long,  with  a  single 
osculum  at  the  top,  and  the  whisp  like  a  small 
brush.  At  this  stage  the  Palythoa  is  usually  absent, 
but  when  the  body  of  the  sponge  has  attained  15  nmi. 
or  so  in  length  very  generally  a  little  pink  tubercle 
may  be  detected  at  the  point  of  junction  between 
the  sponge  body  and  the  coil,  the  germ  of  the  first 
polyp. 

Hyalonema  Umtanicumj  Barboza  du  Bocage,  the 
species  met  with  in  the  British  seas  and  along 
the  coast  of  western  Europe,  appears  to  be  local, 
but  very  abundant  at  the  stations  where  it  occurs. 
I  am  still  in  doubt  whether  we  are  to  regard  it 
as  identical  with  the  Japanese  species,  J7.  siebotdi^ 
Gray. 

During  Mr.  Gwyn  JeflFreys'  cruise  in  1870,  two 
specimens  of  a  wonderful  sponge  belonging  also  to  the 
HexactinellidsB  were  dredged  in  374  fathoms  in  rocky 
ground  off  Cape  St.  Vincent.  The  larger  of  these 
forms  a  complete  vase  oi:  a  very  elegant  form,  nearly 
ninety  centimetres  in  diameter  at  the  top  and  about 
sixty  in  height  (Fig.  67).  The  sponge  came  up  folded 
together,  and  had  much  the  appearance  of  a  piece 
of  coarse,  greyish-coloured  blanket.  Its  minute 
structure  is,  however,  very  beautiful  It  consists, 
like  Holtenia^  of  two  netted  layers,  an  outer  and 
an  inner,  formed  by  the  symmetrical  interlacing  of 
the  four  cross  branches  of  five-rayed  spicules;  and, 
as  in  Holtenia  and  Rossella^  the  sarcode  is  full  of 
extremely  minute  five  and  six-rayed  spicules,  which, 
however,  have  a  thoroughly  distinct  character  of 
their  own,  with  here  and  there  a  very  beautiful 
rosette-like  spicule,  another  singular  modification  of 
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the  hexradiate  type  characteristic  of  this  group. 
Between  the  two  netted  surfaces  the  sponge  sub- 
stance is  formed  of  loose  curving  meshes  of  loosely 
aggregated  bundles  of  long  simple  fibres,  sparsely 
mixed  with  spicules  of  other  forms.  This  sponge 
seems  to  live  fixed  to  a  atone.  There  are  no 
anchoring   spicules,   and    the  bottom   of   the  vase, 


Ons-elghth  the  satura]  i\M.    (No.  16, 1S70.) 


which  in  our  two  specimens  is  a  good  deal  con- 
tracted and  has  a  square  shape  something  like  an 
old  Irish  'mether,'  has  apparently  been  torn  from 
some  attachment.  This  fine  species  was  named 
Aakonema  aetubalenae,  and  very  briefly  described 
from  a  specimen  in  the  Lisbon  Museum  by  Mr. 
-  Saville  Kent,  in  a  paper  in  which  he  noticed  some 
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of  the  sponges  dredged  from  Mr.  Marshall  Hall's 
yacht.^ 

Sponges  belonging  to  other  groups  from  the  deep 
water  were  nearly  equally  interesting.  I  have 
already  alluded,  p.  188,  to  the  handsome  branching 
sponges  belonging  to  the  Esperadi^e,  which  abound 
off  the  coasts  of  Scotland  and  Portugal.  Near  the 
mouth  of  the  Strait  of  Gibraltar  a  number  of  species 
were  taken  in  considerable  quantity,  belonging  to  a 
group  which  were  at  first  confused  with  the  Ilexac- 
tinellidae,  on  account  of  ihair  frequently  forming  a 
similar  and  equally  beautiful  continuous  network  of 
silica,  so  as  to  assume  the  same  resemblance  to  deli- 
cate lace  when  boiled  in  nitric  acid.  The  Corallio- 
spongiae  differ,  however,  from  the  HexactinellidcB  in 
one  very  fundamental  character.  While  in  the  latter 
the  spicule  is  hexradiate,  in  the  former  it  consists 
of  a  shaft  with  three  diverging  rays  at  one  end. 
These  frequently  spread  in  one  plane,  and  they  often 
re-divide,  and  frequently  the  spaces  between  them  are 
filled  up  with  a  secondary  expanse  of  silica,  variously 
frilled  and  netted  on  the  edge,  so  as  to  give  the  spicule 
the  appearance  of  an  ornamental  flat-headed. tack. 
These  three-rayed  stars  or  dis}cs,  in  combination,  sup- 
port the  outer  membrane  of  sponges  of  this  order ; 
and  spicules  of  the  same  type,  fused  together  accord- 
ing to  various  plans,  form  the  sponge  skeleton. 

This  group  of  sponges  are  as  yet  imperfectly 
known.  They  seem  to  pass  into  such  forms  as 
Geodia  and  Tethya ;  and  the  iypical  example  with 
which  we  are  most  familiar  is  the  genus  Dacty- 
localyx^  represented   by  the  cup-shaped  pumice-like 

I  Monthly  Microscopic  Journal,  November  1,  1870. 
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masses  which  are  thrown  ashore  from  time  to  time 
on  the  West  Indian  Islands. 

Professor  P.  Martin  Duncan  has  already  puhlished 
an  account  of  the  stony  corals  (the  Madreporaria)  of 
the  cruise  of  the  *  Porcupine '  in  1869,  and  he  has 
now  in  hand  those  procured  off  the  coast  of  Portugal 
in  1870,  some  of  which  are  of  even  greater  interest 
from  their  close  resemblance  to  certain  cretaceous 
forms.  Twelve  species  of  stony  corals  were  dredged 
in  1869. 

Caryophyllia  borealis^  Fleming  (Fig.  4,  p.  27),  is 
very  abundant  at  moderate  depths,  particularly  along 
the  west  coast  of  Ireland,  where  many  varieties  are 
found.  The  greatest  depth  at  which  this  species  was 
dredged  is  705  fathoms.  It  7S  found  fossil  in  the 
miocene  and  pliocene  beds  of  Sicily. 

Ceraiocyathus  ornatvs^  Seguenza. — Of  this  pretty 
coral  only  a  single  specimen  was  taken  in  705 
fathoms,  off  the  Butt  of  the  Lews.  It  had  not  pre- 
viously been  known  as  a  recent  species,  and  was 
described  by  Seguenza  from  the  Sicilian  miocene 
tertiaries.  Flabellum  laciniatum^  Edwards  and 
Haime,  was  frequent  in  water  from  100  to  400 
fathoms,  from  Faeroe  to  Cape  Clear.  From  the 
extreme  thinness  of  the  outer  crust,  this  coral  is 
excessively  brittle;  and  although  many  hundreds 
came  up  in  the  dredge,  scarcely  half-a-dozen  examples 
were  entire.  Another  fine  species  of  the  same  genus, 
Flabellum  distinctum  (Fig.  68),  was  dredged  on 
several  occasions  off  the  Portuguese  coast  in  1S70. 
The  special  interest  attaching  to  this  species,  is 
that  it  appears  to  be  identical  with  a  form  living  in 
the  seas  of  Japan. 
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Lophohelia  proli/era,  Pallas  (Fig.  30,  p.  169). 
— Many  varieties ;  abundant  at  depths  from  160 
to  600  fathoms  all  along  the  west  coasts  of  Scot- 
land and  Ireland,  at  temperatures  varying  from 
0°  to  10°  C.  In  some  places, — as,  for  example,  at 
Station  54,  between  Scotland  and  F*roe,  and  Station 
15,  between  the  west  coast  of  Ireland  and  the 
Porcupine  Bank, — there  seem  to  be  regular  banks 
of  it,  the  dredge  coming  up  loaded  with  fragments, 
living  and  dead. 

Five  allied  species  of  the  genus  Amphikelia  oc- 
curred more  sparingly. 


Flo.  ««.— FlntwUHiiJiillxefiiiit     Twlca  the  utuni  iIh.    (No.  JS,  IBTO.) 


Allopora  oeultna,  Eheenbekg,  a  very  beautiful 
form,  of  which  a  few  specimens  were  procured  in  the 
*  cold  area,'  at  depths  a  little  over  300  fathoms. 

Thecopsammia  aoeialia,  Pourtalbs  (Fig.  69),  a  form 
closely  allied  to  Balanophyllia,  and  resembling  some 
crag  species.  It  had  been  previously  dredged  by 
Count  Pourtales  in  the  Gulf  of  Florida.  Theco- 
psammia is  tolerably  common  in  deep  water  in  the 
'  cold  area,'  growing  in  patches,  five  or  six  examples 
sometimes  coming  up  on  one  stone. 
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I  have  already  adverted  to  the  danger  we  run  in 
estimating  the  relative  proportions  in  which  any 
special  groups  may  enter  into  the  sum  of  the  abyssal 
fauna,  by  the  proportion  in  which  they  are  recovered 
by  any  single  method  of  capture.  From  their  con- 
siderable size,  the  length  and  rigidity  of  their  strag- 
gling rays,  and  their  habit  of  clinging  to  fixed  ob- 
jects, the  Echinodermata  are  not  very  readily  taken 
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by  the  dredge,  but  they  fall  an  easy  prey  to  the 
'hempen  tangles.'  It  is  possible  that  this  circum- 
stance may  to  a  certain  extent  exag^rate  their 
apparent  abundance  at  great  depths,  but  we  have 
direct  evidence  in  the  actual  numbers  which  are 
brought  up,  that  in  some  places  they  must  be  won- 
p  p 
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derf ully  numerous ;  and  we  frequently  dredge  sponges 
and  corals  actually  covered  with  them  in  the  atti- 
tudes in  which  they  lived,  nestling  among  their  fibres 
and  in  the  angles  of  their  branches.  I  have  counted 
seventy -three  examples  of  Amphiura  abyaaicola^  small 
and  large,  sticking  to  one  JTol tenia. 

Both  on  account  of  their  beauty  and  extreme 
rarity,  and  of  the  important  part  they  have  borne 
in  the  fauna  of  some  of  the  past  periods  of  the 
earth's  history,  the  first  order  of  the  Echinoderms, 
the  Crinoidea,  has  always  had  a  special  interest  to 
naturalists;  and,  on  the  watch  as  we  were  for 
missing  links  which  might  connect  the  present  with 
the  past,  we  eagerly  welcomed  any  indication  of  their 
presence.  Crinoids  were  very  abundant  in  the  seas 
of  the  Silurian  period;  deep  beds  of  carboniferous 
limestone  are  often  formed  by  the  accumulation  of 
little  else  than  their  skeletons,  the  stem  joints  and 
cups  cemented  together  by  limy  sediment;  and 
dozens  of  the  perfect  crowns  of  the  elegant  lily- 
encrinite  are  often  scattered  over  the  surface  of 
slabs  of  the  muschelkalk.  But  during  the  lapse  of 
ages  the  whole  order  seems  to  have  been  worsted 
in  the  *  struggle  for  life.'  They  become  scarce  in  the 
newer  mezozoic  beds,  still  scarcer  in  the  tertiaries, 
and  up  to  within  the  last  few  years  only  two. 
living  stalked  crinoids  were  known  in  the  seas 
of  the  present  period,  and  these  appeared  to  be 
confined  to  deep  water  in  the  seas  of  the  Antilles, 
whence  fishermen  from  time  to  time  bring  up  muti- 
lated specimens  on  their  lines.  Their  existence  has 
been  known  for  more  than  a  century ;  but  although 
many  eyes  have  been  watching  for  them,  until  very 
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lately  not  more  than  twenty  specimens  had  reached 
Europe,  and  of  these  only  two  showed  all  the  joints 
and  plates  of  the  skeleton,  and  the  soft  parts  were 
lost  in  all. 

These  two  species  belong  to  the  genus  Pentacrinua^ 
which  is  well  represented  in  the  beds  of  the  lias  and 
oolite,  and  sparingly  in  the  white  chalk;  and  are 
named  respectively  Pentacritm^  asteria^  L.,  and  P. 
mulleriy  Oersted.  Fig.  70  represents  the  first  of  these. 
This  species  has  been  known  in  Europe  since  the  year 
1755,  when  a  specimen  was  brought  to  Paris  from 
the  island  of  Martinique,  and  described  by  Guettard 
in  the  Memoirs  of  the  Royal  Academy  of  Sciences. 
Eor  the  next  hundred  years  an  example  turned  up 
now  and  then  from  the  Antilles.  Ellis  described 
one,  now  in  the  Hunterian  Museum  in  Glasgow 
University,  in  the  Philosophical  Transactions  for 
1761.  One  or  two  found  their  way  into  the  museums 
of  Copenhagen,  Bristol,  and  Paris;  two  into  the 
British  Museum;  and  one  fortunately  fell  into  the 
hands  of  the  late  Professor  Johannes  Mliller  of 
Berlin,  who  published  an  elaborate  account  of  it  in 
the  Transactions  of  the  Royal  Berlin  Academy  for 
1843.  Within  the  last  few  years,  Mr.  Damon  of 
Weymouth,  a  well-known  collector  of  natural  his- 
tory objects,  has  procured  several  very  good  speci- 
mens, which  are  now  lodged  in  the  museums  of 
Moscow,  Melbourne,  Liverpool,  and  London. 

Pentacrinua  ctateria  may  be  taken  as  the  type  of 
its  order;  I  will  therefore  describe  it  briefly.  The 
animal  consists  of  two  well-marked  portions,  a  stem 
and  a  head.  The  stem,  which  is  often  from  40  to 
00   centimetres   in   length,    consists   of    a   series   of 
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flattened  calcareous  joints ;  it  may  be  snapped  over 
at  the  point  of  junction  between  any  two  of  these 
joints,  and  by  slipping  the  point  of  a  pen-knife  into 
the  next  suture  a  single  joint  may  be  removed  entire. 
The  joint  has  a  hole  in  the  centre,  through  which 
one  might  pass  a  fine  needle.  This  hole  forms  part 
of  a  canal  filled  during  life  with  a  gelatinous  nutri- 
ent matter  which  runs  through  the  whole  length 
of  the  stem,  branches  in  a  complicated  way  through 
the  plates  of  the  cup,  and  finally  passes  through 
the  axis  of  each  of  the  joints  of  the  arms,  and  of 
the  ultimate  pinnules  which  fringe  them.  On  the 
upper  and  lower  surfaces  of  the  stem-joint  there 
is  a  very  graceful  and  characteristic  figure  of  five 
radiating  oval  leaf-like  spaces,  each  space  surrounded 
by  a  border  of  minute  alternate  ridges  and  grooves. 
The  ridges  of  the  upper  surface  of  a  joint  fit  into 
the  grooves  of  the  lower  surface  of  the  joint  above 
it ;  so  that,  though  from  being  made  up  of  man 
joints  the  stem  admits  of  a  certain  amount  of 
motion,  that  motion  is  very  limited. 

As  the  border  of  each  star-like  figure  exactly 
fits  the  border  of  the  star  above  and  below,  the  five 
leaflets  within  the  border  are  likewise  placed  directly 
one  above  the  other.  Within  these  leaflets  the 
limy  matter  which  makes  up  the  great  bulk  of  the 
joint  is  more  loosely  arranged  than  it  is  outside,  and 
five  oval  bands  of  strong  fibres  pass  in  the  inter- 
spaces right  through  the  joints,  from  joint  to  joint, 
from  one  end  of  the  stem  to  the  other.  These 
fibrous  bands  give  the  column  great  strength.  It 
is  by  no  means  easily  broken  even  when  dead  and 
dry.     They  also,  by  their  elasticity,  admit  a  certain 
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amount  of  passive  motion.  There  are  no  muscles 
l)etween  the  joints  of  the  stem,  so  that  the  animal 
does  not  appear  to  be  able  to  move  its  stalk  at 
will.  It  is  probably  only  gently  waved  by  the  tides 
and  currents,  and  bv  the  movements  of  its  own  arms. 

In  JPentacrinus  aster ia  about  every  seventeenth 
joint  of  the  lower  mature  part  of  the  stem,  is  a  little 
deeper  or  thicker  than  the  others,  and  bears  a  whorl 
of  five  long  tendrils  or  cirri.  The  stem  is,  even 
near  the  base,  slightly  pentagonal  in  section,  and 
it  becomes  more  markedly  so  towards  the  head. 
The  cirri  start  from  shallow  grooves  between  the 
projecting  angles  of  the  pentagon,  so  that  they  are 
ranged  in  five  straight  rows  up  and  down  the  stem. 
The  cirri  are  made  up  of  about  thirty-six  to  thirty- 
seven  short  joints  ;  they  start  straight  out  from  the 
stem  rigid  and  stifle,  but  at  the  end  they  usually 
curve  downwards,  and  the  last  joint  is  sharp  and 
clawlike.  These  tendrils  have  no  true  muscles : 
they  have,  however,  some  power  of  contracting  round 
resisting  objects  which  they  touch,  and  there  are 
often  star-fishes  and  other  sea  animals  entangled 
among  them.  The  specimen  figured  has  thus  be- 
come the  temporary  abode  of  a  very  elegant  species 
of  Asteroporpa, 

Near  the  head  the  cirri  become  shorter  and 
smaller,  and  their  whorls  closer.  The  reason  of 
this  is  that  the  stem  grows  immediately  below  the 
head,  and  the  cirrus-bearing  joints  are  formed  in 
this  position,  the  intermediate  joints  being  produced 
afterwards  below  and  above  each  cirrated  joint, — 
which  they  gradually  separate  from  the  one  on  either 
side  of  it,  till  the  number  of  seventeen  or  eighteen 
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intermediate  joints  is  complete.  At  the  top  of  the 
stem  five  little  calcareous  lumps  like  buttons  stand 
out  from  the  projecting  ridges,  and  upon  these  and 
upon  the  upper  part  of  the  stem  the  cup  which 
holds  the  viscera  of  the  animal  is  placed.  These 
buttons  are  of  but  little  moment  in  this  form,  but 
they  represent  joints  which  are  often  developed  into 
large,  highly-ornamented  plates  in  the  various  tribes 
of  its  fossil  ancestors.  They  are  called  the  *  basal ' 
plates  of  the  cup.  Next,  in  an  upper  tier,  alternating 
with  the  last,  we  have  a  row  of  five  oblong  plates 
opposite  the  grooves  of  the  stem,  and  all  cemented 
into  a  ring.  These  plates  are  separate  when  the 
animal  is  young ;  they  are  called  the  *  first  radial ' 
plates.  They  are  the  first  of  long  chains  of  joints 
which  are  continued  to  the  ends  of  the  arms.  Imme- 
diately above  these  plates,  and  resting  upon  them, 
there  is  a  second  row  of  plates  nearly  of  the  same 
size  and  shape,  only  they  remain  separate  from  one 
another,  never  uniting  into  a  ring.     These  are  the 

*  second  radials,'  and  immediately  upon  these  rest 
a  third  series  of  five,  very  like  the  plates  of  the 
other  two  rows,  only  their  upper  surfaces  rise  into 
a  cross  ridge  in  the  centre,  and  they  have  the 
two  sides  bevelled  off  like  the  eaves  of  a  gable,  to 
admit  of  two  joints  being  seated  upon  each  of  them 
instead  of  one.       This  last   ring  of  joints   are  the 

*  radial  axillaries,'  and  above  these  we  have  the  first 
bifurcation  of  the  arms.  These  three  rings  of 
radial  joints  form  the  true  cup.  In  the  modern 
species  they  are  very  small,  but  in  many  fossils 
they  acquire  a  large  size,  and  enclose,  frequently 
with   the   aid  of  various    rows   of   intermediate   or 
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inter-radial  plates  and  a  row  of  basals,  a  large 
body-cavity.  The  two  upper  joints  of  each  ray 
are  separated  from  those  of  the  ray  next  it  by  a 
prolongation  downwards  of  the  plated  skin  which 
covers  the  upper  surface  or  *disk'  of  the  body. 
Seated  upon  the  bevelled  sides  of  each  radial-axil- 
lary joint,  there  is  a  series  of  five  joints,  the  last 
of  the  five  bevelled  again  like  the  radial  axillaries 
for  the  insertion  of  two  joints.  These  five  joints 
form  the  first  series  of  *  brachials,'  and  from  the 
base  of  this  series  the  arms  become  free. 

The  first  of  the  brachial  joints,  that  is  to  say, 
the  joint  immediately  above  the  radial  axillary,  is, 
as  it  were,  split  in  two  by  a  peculiar  kind  of  joint, 
called,  by  Muller,  a  *  syzygy.'  All  the  ordinary  joints 
of  the  arms  are  provided  with  muscles  producing 
various  motions,  and  binding  the  joints  firmly 
together.  The  syzygies  are  not  so  provided,  and 
the  arms  arc  consequently  easily  snapped  across 
where  these  occur.  This  is  a  beautiful  provision  for 
the  safety  of  an  animal  which  has  so  wide  and 
complicated  a  crown  of  appendages.  If  one  of  the 
arms  get  entangled,  or  fall  into  the  jaws  or  claws  of 
an  enemy,  by  a  jerk  the  star-fish  can  at  once  get 
rid  of  the  embarrassed  arm;  and  as  all  this  group 
have  a  wonderful  power  of  reproducing  lost  parts,  the 
arm  is  soon  restored. 

When  the  animal  is  dying,  it  generally  breaks  off 
its  arms  at  these  syzygies;  so  that  almost  all  the 
specimens  which  have  been  brought  to  Europe  have 
arrived  with  the  arms  separate  from  the  body. 

About  six  arm-joints  or  so  above  the  first  on 
either  branch  there  is  a  second  brachial  accessory  and 
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another  bifurcation,  and  seven  or  eight  joints  farther 
on  another,  and  so  on,  but  more  irregularly  the 
farther  from  the  centre,  till  each  of  the  five  primary- 
rays  has  divided  into  from  twenty  to  thirty  ultimate 
branches,  producing  a  rich  crown  of  more  than  a 
hundred  arms.  The  upper  surface  of  each  arm-joint 
is  deeply  grooved,  the  lower  arched ;  and  from  one 
side  of  each,  alternately  on  either  side  of  the  arm, 
there  springs  a  series  of  flattened  ossicles.  These 
form  the  ultimate  branchlets,  or  *  pinnules,'  which 
fringe  the  arms  as  the  barbs  fringe  the  shaft  of  a 
feather.  Unfortunately,  most  of  the  examples  of 
Petitacrintis  asteria  hitherto  procured  have  had  the 
soft  parts  destroyed  and  the  disk  more  or  less  injured. 
One  specimen,  however,  in  my  possession  is  quite 
perfect.  The  body  is  covered  above  by  a  membrane 
closely  tesselated  with  irregularly-formed  flat  plates; 
this  membrane,  after  covering  the  disk,  dips  into 
the  spaces  between  the  series  of  radial  joints,  and 
with  the  joints  of  the  cup  completes  the  body-wall. 
The  mouth  is  a  rounded  opening  of  considerable  size 
in  the  centre  of  the  disk,  and  opens  into  a  stomach 
passing  into  a  short  curved  intestine  which  ends  in 
a  long  excretory  tube, — the  so-called  *  proboscis  '  of 
the  fossil  crinoids, — which  rises  from  the  surface  of 
the  disk  near  the  mouth.  From  the  mouth  five 
deep  grooves,  bordered  on  either  side  by  small  square 
plates,  run  out  to  the  edge  of  the  disk,  and  are  con- 
tinuous with  the  grooves  on  the  upper  surface  of  the 
arms  and  pinnules,  while  in  the  angles  between  them 
five  thickened  masses  of  the  mailing  of  the  disk 
surround  the  mouth  like  valves.  These  were  at 
first  supposed  to  answer  the  purpose  of  teeth.     The 
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crinoids,  however,  are  not  predatory  animals.  Their 
nutrition  is  effected  in  a  very  gentle  manner.  The 
grooves  of  the  pinnules  and  arms  are  richly  ciliated. 
Tiie  crinoid  expands  its  arms  like  the  petals  of  a  full- 
blown flower,  and  a  current  of  sea-water  bearing 
organic  matter  in  solution  and  suspension  is  carried 
by  the  cilia  along  the  brachial  and  radial  grooves 
to  the  mouth.  In  the  stomach  and  intestine  the 
water  is  exhausted  of  assimilable  matter,  and  the 
length  and  direction  of  the  excretory  proboscis  pre- 
vent the  exhausted  water  from  returning  at  once  into 
the  ciliated  passages. 

The  other  West  Indian  JPentacrimts — P.  Mulleri — 
seems  to  be  more  common  off  the  Danish  Islands 
than  P.  asteria.  The  animal  is  more  delicate  in 
form.  The  stem  attains  nearly  the  Bame  height, 
but  is  more  slender.  The  rings  of  cirri  occur  about 
every  twelfth  joint,  and  at  each  whorl  two  stem- 
joints  are  modified.  The  upper  joint  bears  the  facet 
for  the  insertion  of  the  cirrus,  and  the  second  is 
grooved  to  receive  its  thick  basal  portion,  which 
bends  downwards  for  a  little  way  closely  adpressed 
to  the  stem,  before  becoming  free.  The  syzygy  is 
between  the  two  modified  joints,  and  in  all  the  com- 
plete specimens  which  I  have  seen  the  stem  is  broken 
through  at  one  of  these  stem  syzygies,  and  the  ter- 
minal stem-joint  is  w^orn  and  absorbed,  showing 
that  the  animal  must  have  been  for  long  free  from 
any  attachment  to  the  ground. 

On  the  21st  of  July,  1870,  Mr.  Gwyn  Jeffreys, 
dredging  from  the  *  Porcupine'  at  a  depth  of  1,095 
fathoms,  lat.  39'  42'  N.,  long.  9°  43'  W.,  with  a 
bottom  temperature  of  4*'-3  C.  and  a  bottom  of  soft 
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mud,  took  about  twenty  specimens  of  a  handsome 
Pentacrintis  involved  in  the  *  hempen  tangles ;  *  and 
this  splendid  addition  to  the  fauna  of  the  European 
seas  my  friend  has  done  me  the  honour  to  associate 
with  my  name. 

Pentacrimcs  wyville-thomsonij  Jeffreys   (Fig.  71), 
is  intermediate  in  some  of  its  characters  between  P. 
(zsteria  and  P.  miilleri;  it  approaches  the  latter  species, 
however,  the  more  nearly.    In  a  mature  specimen  the 
stem  is  about  120  mm.  in  length,  and  consists  of  five 
or  six  internodes.    The  whorls  of  cirri  towards  the 
lower  part  of  the  stem  are  40  mm.  apart,  and  the  in- 
ternodes contain  from  thirty  to  thirty-five  joints.   The 
cirri  are  rather  short  and  stand  straight  out  from  the 
nodal  joint,  or  curve  sharply  downwards,  as  in  P. 
asieria.     The  nodal  joint  is  single,  and  the  syzygy 
separates  it  from  the  joint  immediately  beneath  it, 
which  does  not  differ  materially  from  the  ordinary 
internodal   stem-joint.      All    the    stems   of  mature 
examples  of  this  species  end  uniformly  in  a  nodal 
joint,  surrounded  with  its  whorl  of  cirri,  which  curve 
downwards  into  a  kind  of  grappling  root.     The  lower 
surface  of  the  terminal  joint  is  in  all  smoothed  and 
rounded,  evidently  by  absorption,  showing  that  the 
animal  had  for  long  been  free.     This   character  I 
have  remarked  as  occurring  in  some  specimens  of 
P.  miilleri.     I  have  no  doubt  that  it  is  constant  in 
the  present  species,  and  that  the  animal  lives  loosely 
rooted  in  the  soft  mud,  and  can  change  its  place  at 
pleasure  by  swimming  with  its  pinnated  arms ;  that 
it  is  in  fact  intermediate   in  this   respect   between 
the  free  genus  Antedofi  and  the  permanently  fixed 
crinoids. 
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A  young  specimen  of  P.  wyville'thomaoni  gives  the 
mode  in  which  this  freedom  is  acquired.  The  total 
length  of  this  specimen  is  95  mm.,  of  which  the  head 
occupies  35  mm.  The  stem  is  broken  off  in  the 
middle  of  the  eighth  internode  from  the  head.  The 
lowest  complete  internode  consists  of  14  joints,  the 
next  of  18,  the  next  of  20,  and  the  next  of  26  joints. 
There  are  8  joints  in  the  cirri  of  the  lowest  whorl, 
10  in  those  of  the  second,  12  in  those  of  the  third, 
and  14  in  those  of  the  fourth.  This  is  the  reverse  of 
the  condition  in  adult  specimens,  in  all  of  which  the 
numbers  of  joints  in  the  internodes,  and  of  joints 
in  the  cirri,  decrease  regularly  from  below  upwards. 
The  broken  internode  in  the  young  example,  and 
the  three  internodes  above  it,  are  atrophied  and  un- 
developed, and  suddenly  at  the  third  node  from  the 
head  the  stem  increases  in  thickness,  and  looks  as 
if  it  were  fully  nourished.  There  can  be  no  doubt 
that  in  early  life  the  crinoid  is  attached,  and  that  it 
becomes  disengaged  by  the  withering  of  the  lower 
part  of  the  stem. 

The  structure  of  the  cup  is  the  same  as  in  P. 
asteria  and  P.  miilleri.  The  basals  appear  in  the 
form  of  shield-like  projections  crowning  the  salient 
angles  of  the  stem.  Alternating  with  these  we  have 
well-developed  first  radials,  forming  a  closed  ring 
and  articulating  to  free  second  radials  by  muscular 
joints.  The  second  radials  are  united  by  a  syzygy 
to  the  radial  axillaries,  which  as  usual  give  off  each 
two  first  brachials  from  their  bevelled  sides.  A 
second  brachial  is  united  by  syzygy  to  the  first, 
and  normally  this  second  brachial  is  an  axillary, 
and  gives  off  two  simple  arms ;  sometimes,  however. 
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the  radial  axQlary  originates  a  simple  arm  only  from 
one  or  both  of  its  sides,  thus  reducing  the  total 
number  of  the  arms ;  and  sometimes  one  of  the  four 
arms  given  off  from  the  brachial  axillaries  again 
divides,  in  which  case  the  total  number  of  arms  is 
increased.  The  structure  of  the  disk  is  much  the 
same  as  in  the  species  of  the  genus  previously  known. 

Two  other  fixed  crinoids  were  dredged  from  the 
*  Porcupine,'  and  these  must  be  referred  to  the  Apio- 
crinidsB,  which  diflfer  from  all  other  sections  of  the 
order  in  the  structure  of  the  upper  part  of  the  stem. 
At  a  certain  point,  considerably  below  the  crown  of 
arms,  the  joints  of  the  stem  widen  by  the  greater 
development  of  the  calcareous  ring,  the  central 
tube  only  increasing  very  slightly  in  width.  The 
widening  of  the  stem  joints  increases  upwards  until 
a  pear-shaped  body  is  produced,  usually  very  elegant 
in  form,  which,  looking  from  the  outside,  one  would 
take  for  the  calyx.  It  is,  however,  nothing  more 
than  a  symmetrical  thickening  of  the  stem,  and  the 
body-cavity  occupies  a  shallow  depression  in  the  top 
of  it  included  within  the  plates  of  the  cup— the 
basals  and  radials — ^which  are  thicker  and  more 
solid  than  in  other  crinoids,  but  otherwise  normally 
arranged.  The  stem  is  usually  long  and  simple 
until  near  the  base,  where  it  forms  some  means  of 
attachment,  either  as  in  the  celebrated  pear-encrinites 
of  the  forest  marble,  a  complicated  arrangement  of 
concentric  layers  of  calcareous  cement  which  fix  it 
firmly  to  some  foreign  body,  or,  as  in  the  chalk 
Bourguetticrinus  and  in  the  recent  HhizocrimiSy  an 
irregular  series  of  jointed  branching  cirri. 

The  Apiocrinidae  attained  their  maximum  durini? 
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the  Jurassic  period,  when  they  were  represented  by- 
many  fine    species   of   the    genera  Apiocrinus  and 
Millericrimia.      The    chalk    genus    Bourgv£tticrinu8 
shows   many   symptoms  of  degeneracy.     The  head 
is  small,  and  the  arms  are  small  and  short.     The 
arm-joints  are  so  minute  that  it  is  scarcely  possible 
to  make  up  a  series  from  the  fragments  scattered 
through  the  chalk  in  the  neighbourhood  of  a  cluster 
of  heads.     The  stem,  on  the  other  hand,  is  dispro- 
portionately large  and  long,  and  one  is  led  to  suspect 
that  the  animal  was  nourished  chiefly  by  the  general 
surface  absorption  of  organic  matter,  and  that  the 
head  and  special  assimilative  organs  were  principally 
concerned  in  the  function  of  reproduction.     Rhizo- 
crinus  loffotensis,  M.  Sars  (Fig.  72),  was  discovered 
in  the  year  1864,  at  a  depth  of  about  300  fathoms, 
off  the  Loffoten  islands,  by  G.  O.  Sars,  a  son  of  the 
celebrated  Professor  of  Natural  History  in  the  Uni- 
versity of  Christiania  by  whom  it  was  described  in 
the  year  1868.     It  is  obviously  a  form  of  the  Apio- 
crinidae  still  more  degraded  than  Bourgtietticrinus, 
which  it  closely  resembles.     The  stem  is  long  and 
of  considerable  thickness  in  proportion  to  the  size 
of  the  head.     The  joints  of  the  stem  are  individually 
long  and  dice-box  shaped,   and  between  the  joints 
spaces  are  left  on  either  side  of  the  stem  alternately, 
as   in  Bourgtietticrinus  and  in  the  pentacrinoid  of 
Antedon^  for  the  insertion  of  fascicles  of  contractile 
fibres.      Towards    the    base  of   the  stem  branches 
spring  from  the  upper  part  of  the  joints ;  and  these, 
each  composed  of  a  succession  of  gradually  diminish- 
ing  joints,    divide  and  re-divide  into   a  bunch  of 
fibres,  which  frequently  expand  at  the  ends  into  thin 
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calcareous  laniinse,  clinging  to  small  pieces  of  shell, 
grains  of  sand — anything  which  may  improve  the 
anchorage  of  the  crinoid  in  the  soft  mud  which  is 
nearly  universal  at  great  depths. 

In  Bhizocrintis  the  basal  series  of  plates  of  the 
cup  are  not  distinguishable.  They  are  masked  in 
a  closed  ring  at  the  top  of  the  stem;  and  whether 
the  ring  be  composed  of  the  fused  basals  alone,  or 
of  an  upper  stem-joint  with  the  basals  within  it 
forming  a  'rosette,'  as  in  the  calyx  of  Antedon,  is 
a  question  which  can  only  be  solved  by  a  careful 
tracing  of  successive  stages  of  development.  The 
first  radials  are  likewise  fused,  and  form  the  upper 
wider  portion  of  the  funnel-shaped  calyx.  The  first 
radials  are  deeply  excavated  above  for  the  insertion 
of  the  muscles  and  ligaments  which  imite  them  to 
the  second  radials  by  a  true  (or  moveable)  joint. 
One  of  the  most  remarkable  points  in  connection 
with  this  species  is,  that  the  first  radials — the  first 
joints  of  the  arm — are  variable  in  number,  some 
examples  having  four  rays,  some  five,  some  six,  and 
a  very  small  number  seven,  in  the  following  pro- 
portions. Out  of  seventy-five  specimens  examined 
by  Sars,  there  were — 

15  vfiih  4  arms. 

43  „  5             „ 

15  „  6             „ 

2  „  7 

This  variability  in  so  important  a  character,  par- 
ticularly when  associated  with  so  great  a  prepon- 
derance in  bulk  of  the  vegetative  over  the  more 
specially  animal  parts  of  the  organism,  must  un- 
doubtedly be  accepted  as  indicating  a  deterioration 
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from  tlie  symmetry  and  compactness  of  the  Apio- 
crinidje  of  the  Jurassic  period. 

The  nnchylosed  ring  of  first  radials  is  succeeded  by 
a  tier  of  free  second  radials,  which  are  united  by  a 
straif^ht  svzv£?ial  suture  to  the  next  series — the  radial 
axillaries.  The  surface  of  the  funnel-shaped  dilatation 
of  the  stem,  headed  by  the  ring  of  first  radials,  is 
smooth  and  uniform,  and  the  second  radials  and 
radial  axillaries  present  a  smooth,  regularly-arched 
outer  surface.  The  radial  axillaries  diifer  from  the 
corresponding  joints  in  most  other  known  crinoids 
in  contracting  slightly  above,  j)resenting  only  one 
articulating  facet,  and  giving  origin  to  a  single  arm. 
The  arms,  which  in  the  larger  specimens  are  from  10 
to  12  mm.  in  length,  consist  of  a  series  of  from  about 
twenty-eight  to  thirty-four  joints,  uniformly  trans- 
versely arched  externally,  and  deeply  grooved  within 
to  receive  the  soft  parts.  Each  alternate  joint  bears 
a  pinnule,  the  pinnules  alternating  on  either  side  of 
the  axis  of  the  arm,  and  the  joint  which  dqps  not 
bear  a  pinnule  is  united  to  the  pinnule-bearing  joint 
above  it  by  a  syzygy :  thus  joints  with  muscular 
connections  and  syzygies  alternate  throughout  the 
whole  length  of  the  arm. 

The  pinnules,  twelve  to  fourteen  in  number,  con- 
sist of  a  uniform  series  of  minute  joints,  united  by 
muscular  connections.  The  grooves  of  the  arms  and 
of  the  pinnules  are  bordered  by  a  double  series  of 
delicate  round  fenestrated  calcareous  plates,  which,, 
when  the  animal  is  contracted  and  at  rest,  form  a 
closely  imbricated  covering  to  the  nerve,  and  the 
radial  vessel  with  its  delicate  caecal  tentacles.  The 
mouth  is  placed  in  the  centre  of  the  disk,  and  radial 
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canals,  equal  in  number  to  the  number  of  arms,  pass 
across  the  disk,  and  are  continuous  with  the  arm- 
grooves.  The  mouth  is  surrounded  by  a  row  of 
flexible  cirri,  arranged  nearly  as  in  the  pentacrinoid 
of  Antedouy  and  is  provided  with  five  oval  calcareous 
valve-like  plates  occupying  the  interradial  angles, . 
and  closing  over  the  mouth  at  will.  A  low  papilla 
in  one  of  the  interradial  spaces  indicates  the  position 
of  the  minute  excretory  orifice. 

Rhizocrmn^  loffotensis  is  a  very  interesting  addition 
to  the  British  fauna.  We  met  with  it  in  the  Fseroe 
Channel  in  the  year  18G9 — three  examples,  greatly 
mutilated,  at  a  depth  of  530  fathoms,  with  a  bottom 
temperature  of  6°-4C.,  Station  12  (18G8).  Several 
occurred  attached  to  the  beards  of  the  noltenice^  off 
the  Butt  of  the  Lews,  and  specimens  of  considerable 
size  were  dredged  in  8G2  fathoms  off  Cape  Clear. 
The  range  of  this  species  is  evidently  very  wide.  It 
has  been  dredged  by  G.  O.  Sars  off  the  north  of 
Norway;  by  Count  Pourtales  in  the  Gulf- stream  off 
the  coast  of  Florida;  by  the  Naturalists  on  board 
the  *  Josephine,'  on  the  *  Josephine  Bank,'  near  the 
entrance  of  the  Strait  of  Gibraltar ;  and  by  ourselves 
between  Shetland  and  Faeroe,  and  off  Ushant  and 
Cape  Clear. 

The  genus  Bathycrinus  must  also  be  referred  to  the 
Apiocrinidae,  since  the  lower  portion  of  the  head  con- 
sists of  a  gradually  expanding  funnel-shaped  piece, 
which  seems  to  be  composed  of  coalesced  upper  stem- 
joints. 

The  stem  of  Bathycrinus  gracilis  (Fig.  73)  is  long  and 
delicate  ;  in  one  example  of  a  stem  alone,  which  came 
up  in  the  same  haul  with  the  one  nearly  perfect  speci- 
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men  which  was  procured,  it  was  90  mm.  in  length. 
The  joints  are  dice-box  shaped,  as  in  Hfnzocrinttffy 
long  and  delicate  towards  the  lower  part  of  the  stem, 
30  mm.  in  length  by  05  in  width  in  the  centre 
of  the  joint,  the  ends  expanding  to  a  width  of 
10  mm.  As  in  JRhizocrinuSy  the  joints  of  the  stem 
diminish  in  length  towards  the  head,  and  additions 
are  made  in  the  form  of  calcareous  laminae  beneath 
the  coalesced  joints  which  form  the  base  of  the  cup. 

The  first  radials  are  five  in  number.  They  are 
closely  apposed,  but  they  do  not  seem  to  be  fused 
as  in  Hhizocrinus,  since  the  sutures  show  quite  dis- 
tinctly. The  centre  of  each  of  these  first  radials  rises 
into  a  sharp  keel,  while  the  sides  are  slightly  de- 
pressed towards  the  suture,  which  gives  the  calyx  a 
fluted  appearance,  like  a  folded  filter-paper.  Tlie 
second  radials  are  long,  and  free  from  one  another, 
joining  the  radial  axillaries  by  a  straight  syzygial 
union.  They  are  most  peculiar  in  form.  A  strong 
plate-like  keel  runs  down  the  centre  of  the  outer 
surfaces,  and  the  joint  is  deeply  excavated  on  either 
side,  rising  again  slightly  towards  the  edges.  The 
radial  axillary  shows  a  continuation  of  the  same  keel 
through  its  lower  half,  and  midway  up  the  joint  the 
keel  bifurcates,  leaving  a  very  characteristic  diamond- 
shaped  space  in  the  centre,  towards  the  top  of  the 
joint ;  two  facets  are  thus  formed  for  the  insertion  of 
two  first  radials ;  the  number  of  arms  is  therefore 
ten.  The  arms  are  perfectly  simple,  and  in  our  single 
specimen  consist  of  twelve  joints  each.  There  is  no 
trace  of  pinnules,  and  the  arms  resemble  in  character 
the  pinnules  of  Rhizocrinus.  The  first  brachial  is 
united  to  the  second  by  a  syzygial  joint,  but  after 
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that  the  syzygies  are  not  repeated,  so  that  there  is 
only  one  of  these  peculiar  junctions  in  each  arm. 
The  arm-grooves  are  bordered  by  circular  fenes- 
trated plates,  as  in  Rhizocrinus. 

Certain  marked  resemblances  in  the  structure  of 
the  stem,  in  the  structure  of  the  base  of  the  cup, 
and  in  the  form  and  arrangement  of  the  ultimate 
parts  of  the  arms,  evidently  associate  Sathi/crintis 
with  Rhizocriniia^  but  the  differences  are  very  wide. 
Five  free  keeled  and  sculptured  first  radials  replace 
the  uniform  smooth  ring  formed  by  these  plates 
in  Rhizocrinua.  The  radial  axillaries  give  off  each 
two  arms,  thus  recurring  to  the  more  usual  arrange- 
ment in  the  order,  and  the  alternate  syzygies  on 
the  arms,  which  form  so  remarkable  a  character  in 
RhizocnnuSf  are  absent. 

Only  one  nearly  complete  specimen  and  a  de- 
tached stem  of  this  very  remarkable  species  were 
met  with,  and  they  were  both  brought  up  from  the 
very  greatest  depth  which  has  as  yet  been  reached 
with  the  dredge,  2,435  fathoms,  at  the  mouth  of 
the  Bay  of  Biscay,  200  miles  south  of  Cape  Clear. 

It  would  seem,  in  our  present  state  of  knowledge, 
that  the  stalked  crinoids  are  members  of  the  deep- 
sea  fauna.  A  second  specimen  of  another  very 
remarkable  form,  Holopus  rangiy  D'Orbigny,  has 
lately  been  procured  from  deep  water  off  Barbadoes, 
and  that  species,  with  those  already  noted,  makes 
up  the  tale  of  living  forms  belonging  to  the  order 
which  are  known  at  the  present  time.  It  is  unwise 
to  prophesy ;  but  when  we  consider  that  the  first 
few  scrapes  of  the  dredge  at  great  depths  have 
added   two    remarkable  new   species   to   the   living 
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representatives  of  this  group,  until  now  supposed 
to  be  on  the  verge  of  extinction,  and  that  all  the 
kaown  species  are  from  depths  beyond  the  limit 
of  ordinary  dredging,  we  are  led  to  anticipate  that 
crinoids  may  probably  form  rather  an  important 
element  in  the  abyssal  fauna. 


The  general  distribution  of  the  deep  sea  Asteridea 
has  already  been  referred  to.  Perhaps  the  most 
obvious  peculiarity  which  they  present  is  the  great 
preponderance  of  the  genera  Astrogonium,  Archaater, 
Astropecten,  and  their  allies.  Genera  belonging 
to  other    groups    do    not    apparently   liecome   less 


45G  THE  JiEPTIIS  OF  THE  SEJ.  {cn\i:  ix. 

numerous,  for  species  of  Asteraeanthion,  Cribrclla, 
Asieriscus,  and  Ophidiaster  are  as  abundant  as  they 
are  at  lesser  depths ;  but  as  we  go  down  new  species 
with  tesselated  mailing  on  the  disk  and  massive 
marginal  plates  seem  to  be  perpetually  added.  In 
our  own  seas  some  few  very  characteristic  forms, 
such  as  Astrogonium  phrygiannm  and  Arch-aster 
Hudromeda  g.nd  par ellu,  are  on  the  verge  of  the  deep 
water,  and  are  now  and  tlien  taksu  iit  the  outer 
limit  of  shore  dredging,  or  on  fishing-lines ;  while  in 
the  deep  water  all  along  the  north  and  west  of  Scot- 
land AairogoimiM  granulure,  Archuster  ienui^pinus, 
and  Asfropecteji  arcticiis  abound,  and  the  dredge 
is  enriched  from  time  to  time  with  examples  of  such 
forms  as  Archaster  hifrons  (Fig.  74),  A.  vexillifer,  and 
Asirogonium  longimanum,  Mobius.  Many  additions 
have  been  made  to  the  singular  little  group  of  which 
Plermler  may  be  taken  as  a  type,  but  I  am  inclined 
to  think  that  these  arc  to 
be  referred  along  with  most 
of  the  characteristic  Ophiu- 
ridans  rather  to  a  fauna  in- 
habiting median  depths,  and 
coming  within  range  of  the 
naturalist's  dredge  on  the 
coast  of  Scandinavia,  than 
to  the  abyssal  fauna;  and 
(■lo'sri"'!. )""'""''"'''■  ■'*'"""'''"■■  the  same  may  be  said  of  a 
few  other  forms,  such  as 
Solaster  furcifer  (Fig.  75),  and  Pedlcellaater  typicva 
which,  although  beyond  the  200-fathom  line  on  the 
coast  of  Britain,  do  not  appear  to  have  a  great 
range  of  depth. 
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Twenty- six  Echinideans  were  observed  during  the 
'  liightning '  and  '  Porcupine '  cruises  off  the  coasts 
of  Britain  and  Portugal  at  depths  ranging  from  100 
to  2,435  fathoms,  at  which  latter  depth  the  group 
was  represented  by  a  small  variety  of  Echlnns  vor- 
Kegictis^  and  a  young  example  of  Urissopsw  lyrifera. 

Among  the  Cidarida*,  Cidaris  papillatay  Leskk, 
occurs  in  enormous  numbers  over  hard  ground,  at 
deptlis  from  100  to  400  fathoms.  This  species  has 
a  very  wido  range,  inhabiting  an  apparently  un- 
broken belt  from  the  North  Cape  to  the  Strait  of 
Gibraltar,  and  then  passing  into  the  Mediterranean. 
This  is  a  variable  form,  within  narrow  limits  of 
variation.  The  southern  specimens  gradually  pass 
into  the  form, — it  can  scarcely  be  called  a  variety, — 
which  is  the  type  of  Lamarck's  species,  (7.  hystHx, 
Cidaris  affinis,  Philippi,  is  very  common  in  the 
Mediterranean,  especially  along  the  African  coast. 
I  think  this  pretty  little  form  must  for  the 
present  be  considered  distinct.  The  body  spines 
are  bright  scarlet,  and  the  long  spines,  in  marked 
specimens,  are  brown  banded  with  red  or  rose,  so 
that  it  is  a  singularly  pretty  object. 

The  genus  Porocidari^^  and  the  three  species  of  the 
family  Echinothuridce,  and  their  interesting  relations 
to  fossil  forms,  have  already  been  considered;  but 
even  these  are  scarcely  more  suggestive  of  early 
times  than  two  genera  of  irregular  urchins,  one 
dredged  off  the  coast  of  Scotland,  and  the  other  at 
the  mouth  of  the  English  Channel. 

The  first  of  these  is  Pourtalesia,  one  species  of 
w^hich,  P.  j(^rey8ii  has  already  been  figured  and 
described  (p.  108),     According  to  the  classification  of 
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Desor,  which  makes  the  disjunct  arrangement  of  the 
ambulacra  at  the  apex  the  test  character  of  the 
Dysasteridae,  this  genus  should  be  referred  to  that 
group,  for  the  apical  disk  is  truly  decomposed  as  in 
Dysaater  and  Collyritea^  and  not  merely  drawn  out 
as  in  Ananchyt€8.  From  the  arrangement  and  form 
of  the  pore  areas,  however,  and  the  general  appear- 
ance and  habit  of  the  animal,  I  am  inclined  to  think 
with  Alexander  Agassiz,  that  its  affinities  are  more 
with  such  forms  as  Infulaster,  JPourtalesia  must  be 
aberrant  in  whatever  group  it  may  be  placed. 

The  other  genus  Neolampa^^  A.  Ag.,  associates  itself 
with  the  Cassidulidae  in  virtue  of  the  nearly  central 
pentagonal  mouth  with  a  tolerably  distinct  flocelle, 
the  anal  opening  at  the  bottom  of  a  deep  posterior 
groove  excavated  in  a  projecting  rostellum,  the  nar- 
row ambulacral  areas,  and  the  small  compact  group 
of  apical  plates ;  but  it  differs  from  all  known  genera 
of  the  family,  living  or  extinct,  in  having  no  trace  of 
a  pctaloid  arrangement  of  the  ambulacra,  which  are 
reduced  on  tlic  apical  surface  of  the  test  to  a  single 
pore  passing  through  each  ambulacral  plate,  and 
thus  forming  a  double  row  of  alternating  simple 
pores  for  each  ambulacral  area.  I  think  I  am  right 
in  identifying  a  single  specimen,  nearly  20  mm.  in 
length,  which  we  dredged  in  800  fathoms  water  at 
the  moutli  of  tlie  Channel,  with  the  species  dredged 
by  Count  Pourtales  at  depths  from  100  to  150 
fathoms,  in  the  Strait  of  Florida,  and  described  by 
Alexander  Agassiz  under  the  name  of  Neolampas 
rostellatus. 

Of  the  twenty-six  Echinoderms  dredged  from  the 
*  Porcupine,*  six — Echinus  flemingliy  Echinus  esculen- 
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tu8y  Psammechlmis  milmriSj  Echinocyaynus  angulatus, 
Amphidettis  cordatiis^  and  Spatangus  purpureus — may 
be   regarded  as  denizens  of  moderate  depths  in  the 
*  Celtic  province,'  recent  observations  having  merely 
shown  that  they  have  a  somewhat  greater  range  in 
depth  than  was  previously  supposed.      Probably  Spa- 
tangu8  raschi  may  be  an  essentially  deep-water  form 
having  its  head-quarters  in  the  same  region.     Seven 
species  —  Cidaria  papilla ta,  Uchinus  elegan%^  E.  nor- 
vegicuSf  J3.  rarispinay  JE.  microstofna^  Brissopaia  lyri- 
fera^  and  Tnpyhis  fragilis — are  members  of  a  fauna 
of  intermediate  depth  ;  and  all,  with  the  doubtful  ex- 
ample of  Echimis  microstoma^  have  been  observed  in 
comparatively  shallow  water  off  the  coasts  of  Scan- 
dinavia.    Five  species — CidatHs  affinis,  Echinus  melOy 
Toxopneustes    brevispinosusj    Psanwiechimis     micro- 
tuberculatus,  and  Schizaster  catialiferus — are  recog- 
nized members  of  the  Lusitanian  and  Mediterranean 
faun«Bj    and    seven — JPorocidaris  purpurata^   Phor- 
mosoma    placentay    Calveria   hystrix^    C,  fenestratay 
Neolampas  rostellatusy  Pourtalesia  jeffreysiy  and  P. 
phiale — are  forms  which  have  been  for  the  first  time 
brought  to  light  during  the  late  deep-sea  dredging 
operations,  whether  on  this  or  on  the  other  side  of 
the  Atlantic.     There  seems  little  doubt  that  these 
must  be  referred  to  the  abyssal  fauna,  upon  whose 
confines  we   are  now   only  beginning  to   encroach. 
Three  of  the  most  remarkable  generic  forms — Cal- 
veria,  Neolampas ,  and  Pourtalesia — have  been  found 
by  Alexander  Agassiz  among  the  results  of  the  deep 
dredging  operations  of  Count  Pourtales  in  the  Strait 
of  Florida,  showing  a  wide  lateral  distribution,  while 
even  a   deeper  interest    attaches  to  the    fact  that 
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while  one  family  type,  the  Jb'chinolhuridce,  has  been 
hitherto  only  known  in  a  fossil  state,  the  entire 
group  find  nearer  allies  in  the  extinct  faunse  of  the 
chalk  or  of  the  earlier  tertiaries  than-  in  that  of 
the  present  period. 

As  I  have  already  said,  the  mollusca  procured 
during  the  three  years'  dredging  are  in  the  hands 
of  Mr.  Gwyn  Jeifreys  for  identification  and  descrip- 
tion. Prom  the  large  number  of  new  species,  and 
from  the  complicated  relations  which  many  of  the 
forms  from  deep  water  bear  to  species  now  widely 
separated  from  them  in  space,  or  belonging  to  past 
geological  periods,  the  task  will  be  a  difficult  one, 
and  we  cannot  expect  its  completion  for  some  time 
to  come.  In  the  meanwhile,  Mr.  Gwyn  Jeffreys 
has  published  several  preliminary  sketches  which 
are  full  of  promise  that  his  complete  results  will 
be  of  the  highest  interest. 

Mr.  Gwyn  Jeffreys  believes  that  the  deep-water 
mollusca  which  were  dredged  throughout  the  whole  of 
the  area  examined  from  the  Faferoe  Islands  to  the  coast 
of  Spain,  are  almost  all  of  northern  origin.  Most  of 
the  species  which  have  been  already  described  were 
previously  known  from  the  Scandinavian  seas,  and 
many  of  the  undescribed  species  belong  to  northern 
genera.  He  points  out  that  the  moUuscan  fauna 
of  the  Arctic  Sea  is  as  yet  almost  unknown  ;  but  he 
reasons  from  the  large  collections  made  at  Spitz- 
bergen  by  Professor  Torell,  and  from  the  fact  that 
fragments  of  mollusca  have  been  brought  up  in 
many  deep-sea  soundings  within  the  Arctic  circle, 
that  the  fauna  is  probably  varied  and  rich.  He 
instances  soundings  taken  in  18G8  by  the  Swedish 
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Arctic  Expedition,  which  reached  2,000  fathoms, 
when  a  Cuma  and  a  fragment  of  an  Aitarie  came  up 
in  the  *  Bulldog  '  machine.  Ue  adds,  "  It  is  evideiit 
that  tlie  majority,  if  not  the  whole  of  our  submarine 
(as  contradistinguished  from  littoral  cr  ])hYtophr»- 
gous),  moUusca  originated  in  the  North,  whence  they 
have  in  the  course  of  time  been  transported  south- 
wards by  the  groat  Arctic  currents.  Many  of  them 
appear  to  have  found  their  way  into  the  Mediterra- 
nean, or  to  have  left  their  remains  in  the  tertiary  or 
quaternary  formations  of  the  south  of  Italy  ;  some 
have  even  migrated  into  the  Gulf  of  Mexico." 

I  have  great  hesitation  in  questioning  rny  of  the 
conclusions  of  my  friend  Mr.  Gwyn  Jeifreys  on  a 
subject  in  which  he  is  so  excellent  an  authority, 
but  I  confess  I  do  not  quite  see  the  cogency  of  his 
reasoning  on  this  point.  It  would  seem  rather  that 
the  last  change  in  the  molluscan  fauna  of  the  British 
area,  fit  moderate  depths,  consisted  in  the  retirement 
of  northern  species  at  the  close  of  the  glacial  period 
and  the  immigration  of  southern  forms.  The  qua- 
ternary beds  of  the  Clyde  district  contain  a  rich 
assemblage  of  mollusca ;  those  of  the  neighbourhood 
of  Ilothesay  especially  representing  the  deeper  part 
of  the  Laminarian  and  the  Coralline  zone.  The 
broad  characteristic  of  the  fauna  of  this  bed  is 
that  many  of  the  most  numerous  species — for 
example,  Pecleji  islandicns,  TelUna  calcareaj  and 
Nalica  claii^a — are  now  extinct  in  the  seas  of 
Britain,  but  are  still  met  with  in  abundance  in  the 
seas  of  Scandinavia  and  Labrador ;  while  many  forms 
now  extremely  common  in  the  British  seas  and 
havini?   a  southern  extension    are    entirely   absent. 
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We  found  some  of  the  glacial  shells  of  the  Clyde 
beds  living  on  the  northern  outskirts  of  our  region, 
— Telli?ia  calcarea^  for  instance,  was  very  common 
in  some  of  the  Fjords  in  F*roe.  It  seems  evident 
that  this  fauna  quietly  retreated  northwards  in  the 
face  of  slowly  altering  circumstances.  Such  an 
instance  of  change  of  fauna,  which  we  are  able  in 
a  great  degree  to  trace  step  by  step,  has  an  interest- 
ing bearing  upon  the  great  question  of  the  contem- 
poraneity of  beds  containing  generally  the  same 
fauna  at  distant  localities.  We  can  well  imagine 
that  a  block  of  perfectly  recent  silt  might  be  brought 
from  a  locality  on  the  verge  of  the  Arctic  circle, 
imbedding  precisely  the  same  species  of  moUusca 
as  those  contained  in  a  block  of  the  Clyde  glacial 
clay,  and  the  mineral  character  of  the  matrix  in 
the  two  cases  might  correspond  most  closely ;  apply- 
ing the  ordinary  geological  rule,  those  two  blocks 
agreeing  in  their  pala^ontological  characters  ought 
to  be  contemporaneous, — but  we  know  that  while 
the  northern  silt  belongs  to  the  present  period,  the 
British  glacial  clays  are  overlain  by  a  deep  series 
of  modern  deposits,  representing  the  lapse  of  a 
period  of  time  considerable  even  in  a  geological 
sense,  and  containing  a  fauna  of  a  very  diflFerent 
character.  This  is  no  doubt  a  comparatively  trifling 
case,  involving  beds  of  no  great  depth  or  import- 
ance, but  it  is  a  case  in  which  two  beds  correspond 
palaeontologically,  and  yet  we  know  that  they  are 
not  contemporaneous  from  one  of  them  being  overlain 
by  a  considerable  thickness  of  newer  strata,  while  the 
other  is  now  forming,  and  thus  furnishes  a  date,  a 
rare  and  valuable  thing  in  geology. 
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I  have  already  pointed  out  that  in  reasoning  upon 
the  ground  of  identity  of  deep-sea  forms  with  species 
hitherto  found  in  Scandinavia,  we  must  remember 
that  the  conditions  of  temperature  of  our  southern 
seas  at  great  depths — the  conditions  which  appear  to 
have  the  greatest  influence  upon  the  distribution  of 
species — correspond  very  closely  with  those  of  much 
shallower  water  in  the  Scandinavian  seas ;  and  that 
consequently  the  corresponding  fauna  in  the  northern 
regions  was  much  earlier,  and  is  still  much  better 
known.  Mr.  Gwyn  JeflPreys  lays  great  stress  upon 
the  greater  numbers  and  the  greater  development 
in  size  and  in  prominent  characters  of  sculpture  and 
other  ornament,  of  the  Arctic  examples  of  species 
common  to  our  deep  water.  This  is  no  doubt  often 
the  case,  but  we  must  admit  that  in  many  groups, 
and  particularly  among  the  moUusca,  there  is  a 
tendency  to  dwarfing  in  deep  water,  and  I  should 
think  it  very  possible  that  a  species  may  attain 
a  greater  size  and  development  in  that  region  where 
its  zone  of  special  temperature  conditions  comes 
nearest  the  surface, — most  under  the  influence  of 
air  and  light. 

Many  of  the  moUusca  from  the  deep  water  have 
hitherto  been  found  only  in  the  northern  portions  of 
the  area  examined,  and  are  generally  allied  to  northern 
forms.  As  examples  of  this  group  I  may  mention 
two  interesting  additions  to  the  already  famous  Shet- 
land fauna,  Buccinopsia  striataj  Jeffreys  (Fig.  76), 
a  form  somewhat  allied  to  Bucchwpsia  daleij  which 
has  long  been  one  of  the  prizes  of  the  Shetland  seas, 
and  Lalirua  albusj  Jeffreys  (Fig.  77),  known  also 
from  the  coast  of  Norway.     Cerithium  ffranosuniy  S. 
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\.  "Wood,  also  common  to  Norway  and  Shttland, 
is  found  fossil  in  tlie  coralline  and  red  crag,  and 
F/iKus  sar^i,  Jeffreys,  common  to  Shetland  and 
Is'orway,  is  found  fossil  at  Bridlington. 

Several  species  have  hitherto  be?n  knoAvn  only 
from  the  snutli,  and  Mr.  Jeffi-oys  finds  n  ditHculty 
in  accounting  for  their  presence.  Thus,  Tellina  coni- 
pren8(it  Biioccni,  is  known  from  tlie  Canary  Islands 
and  the  Mediterranean,  and  is  fossil  in  the  newer 
Italian  tertiaries.    Feriiconltu  actUicostftta,  Puilippi, 


I  have  already  referred  to  as  being  found  on  the 
coasts  of  I'ortugal  and  of  Japan.  It  is  a  common 
fossil  in  the  coralline  crag  of  Calabria.  The  mol- 
lusca  which  arc  of  the  most  special  interest,  how- 
ever, are  those  which  we  must  refer  to  the  abyssal 
fauna.  About  this  group  we  know  as  yet  very 
little.  Like  the  Echinodcrms,  they  seem  to  be  special, 
and  to  have  a  wide  lateral  extension.  Plctwonectta 
hic'ula,  Jeffheis  (Fig.  78),  a  pretty  little  clam  be- 
longing to  the  Pectcii  pleiironectcs  set,  is  figured 
both  from  the  North  Atlantic  and  from  the  Gulf  of 
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Mexico.  The  abyssal  mollusca  are  by  no  means  de- 
void of  colour,  though,  as  a  rule,  they  are  paler  than 
those  from  shallow  water.  Dacrydium  vUreum — 
a  curious  little  mytiloid  sheil-fish  which  makes  and 
inhabits  a  delicate  flask-shaped  tube  of  foraminifera. 


sponge  spicules,  coccoliths,  and  other  foreign  bodies, 
cemented  together  by  organic  matter  and  lined  by  a 
delicate  membrane — is  of  a  fine  reddish  brown  colour 
dashed   with   green,  from   2,435  fathoms;   and  the 


animals  of  one  or  two  species  of  Lima  from  extreme 
depths  are  of  the  usual  vivid  orange  scarlet.  Neither 
are  the  abyssal  mollusca  universally  destitute  of  eyes. 
A  new  species  of  Pleurotoma  from  2,090  fathoms  had 
a  pair  of  well-developed  eyes  on  short  footstalks ;  and 
u  u 
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a  Fttsus  from  1,207  fathoms  was  similarly  provided. 
The  presence  of  organs  of  sight  at  these  great  depths 
leaves  little  room  to  douht  that  light  must  reach  even 
these  ahysses  from  some  source.  From  many  con- 
siderations it  can  scarcely  be  sun-light.  I  have 
already  thrown  out  the  suggestion  that  the  whole 
of  the  light  beyond  a  certain  depth  might  be  due 
to  phosphorescence,  which  is  certainly  very  general, 
particularly  among  the  larvai  and  young  of  deep- 
sea  animals;  hut  the  question  is  one  of  extreme 
interest  and  difSculfy,  and  will  require  careful  in- 
vestigation. 
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Expedition. 

Very  speedily  after  the  first  samples  of  the  bottom  of 
the  mid- Atlantic  had  been  brougiit  up  by  the  sound- 
ing-line, and   submitted  to  chemical  analysis  and 

H  H  2 
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to  microscopical  examination,  many  observers  were 
struck  with  the  great  similarity  between  its  composi- 
tion and  structure  and  that  of  the  ancient  chalk.     I 
have  already  described  the  general  character  and  the 
mode  of  origin  of  the  great  calcareous  deposit  which 
seems  to  occupy  the  greater  part  of  the  bed  of  the 
Atlantic.     If  we  take  a  piece  of  the  ordinary  soft 
white  chalk  of  the  south  of  England,  wash  it  down 
with   a   brush  in  water,   and  place  a   drop  of  the 
milky  product  on  the  slide  of  a  microscope,  we  find 
that  it  consists,  like  the  Atlantic  ooze,  of  a  large  pro- 
portion of  fine  amorphous  particles  of  lime,  with  here 
and  there  a  portion  of  a  Globigerina  shell,  and  more 
rarely  one  of  these  shells  entire,  and  a  considerable 
proportion — in  some  examples  coming  up  to  nearly 
one-tenth  of  the  whole — of  *  coccoliths,*   which   are 
indistinguishable  from  those  of  the  ooze.     Altogether 
two  slides — one  of  washed  down  white  chalk,  and 
the  otlier  of  Atlantic  ooze — resemble  one  another  so 
clearly,  that  it  is  not  always  easy  for  even  an  accom- 
plished microscopist  to  distinguish  them.    The  nature 
of  chalk  can  also  be  well  shown,  as  has  been  done  by 
Ehrenberg  and  Sorby,  by  cutting  it  into  thin  dia- 
phanous slices,  when  the  mode  of  aggregation  of  the 
different  materials  can  be  readily  demonstrated. 

But  while  successive  observers  have  brought  out 
more  and  more  clearly  those  resemblances, — suffi- 
ciently striking  to  place  it  beyond  a  doubt  that  the 
chalk  of  the  cretaceous  period  and  the  chalk-mud  of 
the  modern  Atlantic  are  substantially  the  same, — a 
more  careful  investigation  shows  that  there  are  very 
important  diflferences  between  them.  The  white  chalk 
is  very  homogeneous,  more  so  perhaps  than  any  other 
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sedimentary  rock,  and  may  be  said  to  be  almost  pure 
carbonate  of  lime.  I  quote  an  analysis  of  the  white 
chalk  of  Shoreham  (Sussex),  by  Mr.  David  Forbes.^ 

Calcium  carbonate 98*40 

Magnesium  carbonate 0*08 

Insoluble  rock  f/tf 6m 1*10 

Alumina  and  loss 0*42 

100  00 

Even  the  grey  chalk  of  Folkestone  contains  a  very 
large  proportion  of  carbonate  of  lime,  the  other  sul)- 
stances  existing  merely  as  impurities  which  can 
scarcely  be  said  to  enter  into  the  composition  of  the 
rock.  The  following  is  an  analysis  by  Mr.  Forbes  of 
the  base  of  the  Folkestone  grey  chalk : — 

Calcium  carbonate 94  09 

Magnesium  carbonate 0*31 

Insoluble  rock  debris 3*G1 

Phosphoric  acid » 

Alumina  and  loss j 

Sodium  chloride 1*29 

Water 0-70 


100  00 

The  most  remarkable  point  in  this  analysis  is  that 
while  white  chalk  is  almost  always  associated  with 
chert  and  flints,  the  chalk  itself  does  not  contain  a 
particle  of  silica. 

The  chalk-mud  of  the  Atlantic  on  the  other  hand 
contains  not  more  than  60  per  cent,  of  calcium  car- 
bonate, with  20  to  30  per  cent,  of  silica,  and  varying 
proportions  of  alumina,  magnesia,  and  oxide  of  iron. 
We  must  remember,  however,  that  in  the  English 


1 


Quoted  in  Mr.  Prustwich's  Presidential  Address,  1871. 
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cliffs  we  have  the  chalk  in  its  very  purest  form,  and 
that  in  various  parts  of  the  world  it  assumes  a  very 
different  character,  and  contains  carbonate  of  lime  in 
very  diflferent  proportions.  Mr.  Prestwich  instances 
a  bed  28  to  30  feet  thick  of  the  white  chalk  (Terrain 
Senonien)  of  Touraine,  in  which  carbonate  of  lime  is 
entirely  absent. 

There  can  be  no  doubt  whatever  that  we  have 
forming  at  the  bottom  of  the  present  ocean,  a  vast 
sheet  of  rock  which  very  closely  resembles  chalk  ; 
and  there  can  be  as  little  doubt  that  the  old  chalk, 
the  cretaceous  formation  which  in  some  parts  of  Eng- 
land has  been  subjected  to  enormous  flenudation,  and 
which  is  overlaid  by  the  beds  of  the  tertiary  series, 
was  produced  in  the  same  manner,  and  under  closely 
similar  circumstances;  and  not  the  chalk  only,  but 
most  probably  all  the  great  limestone  formations.  In 
almost  all  of  these  the  remains  of  foraminifera  are 
abundant,  some  of  them  apparently  specifically  iden- 
tical with  living  forms;  and  in  a  large  number  of 
limestones  of  all  ages  Dr.  Glimbel  has  detected  the 
characteristic  *  coccoliths.' 

Long  before  commencing  the  present  investigation, 
certain  considerations  had  led  me  to  regard  it  as 
highly  probable  that  in  the  deeper  parts  of  the  At- 
lantic a  deposit,  differing  possibly  from  time  to  time 
in  composition  but  always  of  the  same  general  cha- 
racter, might  have  been  accumulating  continuously 
from  the  cretaceous  or  even  earlier  periods  to  the 
present  day.  This  view  I  suggested  in  my  first  letter 
to  Dr.  Carpenter  urging  the  exploration  of  the  sea- 
bed ;  and  from  the  first  it  has  had  the  cordial  support 
of  my  colleague,  whose  intimate  acquaintance  with 
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some  of  the  animal  groups  whose  remains  enter  most 
largely  into  the  chalk  both  old  and  new,  makes  his 
opinion  on  such  a  question  particularly  valuable. 

On  our  return  from  the  *  Lightning  *  cruise,  during 
which  we  believed  that  our  speculation  had  received 
strong  confirmation,  we  used  the  expression, — perhaps 
somewhat  an  unfortunate  one  since  it  was  capable  of 
misconstruction, — that  we  might  be  regarded  in  a 
certain  sense  as  still  living  in  the  cretaceous  period. 
Several  very  eminent  geologists,  among  whom  were 
Sir  Roderick  Murchison  and  Sir  Charles  Lyell,  took 
exception  to  this  statement ;  but  it  seems  that  their 
censure  was  directed  less  against  the  opinion  than 
the  mode  in  which  it  was  expressed ;  and  I  think  I 
may  say  that  the  doctrine  of  the  continuity  of  the 
chalk,  in  the  sense  in  which  we  understood  it,  is  now 
very  generally  accepted. 

I  do  not  maintain  that  the  phrase  *we  are  still 
living  in  the  cretaceous  epoch,'  is  defensible  in  a 
strictly  scientific  sense,  chiefly  because  the  terms 
*  geological  epoch '  and  *  geological  period '  are 
thoroughly  indefinite.  We  speak  indiflPerently  of 
the  *  Silurian  period,'  and  the  *  Glacial  period,'  with- 
out consideration  of  their  totally  unequal  value; 
and  of  the  'Tertiary  period,'  and  of  the  'Miocene 
period,'  although  the  one  includes  the  other.  The 
expression  is  intended  rather  in  a  popular  sense 
to  meet  what  was  certainly  until  very  lately  the 
general  popular  impression,  that  a  geological  period 
has,  in  the  region  where  it  has  been  studied  and 
defined,  something  like  a  beginning  and  an  end ; 
that  it  is  bounded  by  periods  of  change — elevation, 
denudation,  or  some  other  evidence  of  the  lapse  of 


4  72  THE  DEPTHS  OF  THE  SEA.  [chap.  x. 

unrecorded  time ;  and  that  it  would  be  inadmissible 
to  speak  of  two  portions  of  the  same  continuous 
deposit,  however  distant  the  times  of  their  deposition 
might  be,  and  however  distinct  their  imbedded 
faunsB,  as  belonging  to  different  'Geological  periods/ 

It  was  certainly  in  this  sense  that  in  an  address  to 
a  popular  audience  in  April  1869  I  ventured  to  state 
my  belief  that  it  is  not  only  chalk  which  is  being 
formed  in  the  Atlantic,  "  but  the  chalk,  the  chalk  of 
the  cretaceous  period."  Sir  Charles  Lyell  says,  in 
summing  up  his  objections  to  this  view,^  "The 
reader  will  at  once  perceive  that  the  present  Atlantic, 
Pacific,  and  Indian  oceans,  are  geographical  terms 
which  must  be  wholly  without  meaning  when  applied 
to  the  eocene,  and  still  more  to  the  cretaceous  period, 
so  that  to  talk  of  the  chalk  having  been  uninter- 
ruptedly formed  in  the  Atlantic  is  as  inadmissible  in 
a  geographical  as  in  a  geological  sense."  I  confess 
I  do  not  see  the  geographical  difficulty;  the 
"Atlantic  ocean"  is,  undoubtedly,  a  geographical 
term,  but  the  depression  under  discussion  occupies 
the  area  at  present  expressed  by  that  term,  and  to 
use  it  seems  to  be  the  simplest  way  of  indicating  its 
position.  We  believe  that  the  balance  of  probability 
is  greatly  in  favour  of  the  chalk  having  been  unin- 
terruptedly forming  over  some  parts  of  the  area  in 
question,  and  our  belief  is  founded  upon  many  con- 
siderations, physical  and  palseontological. 

All  the  principal  axes  of  elevation  in  the  north  of 
Europe  and  in  North  America  have  a  date  long  an- 
terior to  the  deposition  of  the  tertiary,  or  even  of  the 

^  The  Student's  Elements  of  Geology.    By  Sir  Charles  Lyell,  Bart., 
F.R.S.    London,  187L     P.  265. 
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newer  secondary  beds,  although  some  of  them,  such  as 
the  Alps  and  the  Pyrenees,  have  received  great  acces- 
sions to  their  height  in  later  times.  All  these  newer 
beds  have  therefore  been  deposited  with  a  certain  re- 
lation in  position  to  certain  main  features  of  contour 
which  are  maintained  to  the  present  day.  Many  oscil- 
lations have  doubtless  taken  place  since,  and  every 
spot  on  the  European  plateau  may  have  probably 
alternated  many  times  between  sea  and  land;  but  it  is 
difficult  to  show  that  these  oscillations  have  occurred 
in  the  north  of  Europe  to  a  greater  extent  than  from 
4,000  to  5,000  feet,  the  extreme  vertical  distance  be- 
tween the  base  of  the  tertiaries  and  the  highest  point 
at  which  tertiary  or  post-tertiary  shells  are  found  on 
the  slopes  and  ridges  of  mountains.  A  subsidence  of 
even  1,000  feet  would,  however,  be  sufficient  to  pro- 
duce over  most  of  the  northern  land  a  sea  100  fathoms 
deep,  deeper  than  the  German  Ocean ;  and  an  eleva- 
tion to  a  like  amount  would  connect  the  Shetland  and 
Orkney  Islands  and  Great  Britain  and  Ireland  with 
Denmark  and  Holland,  leaving  only  a  long  deep  Fjord 
separating  a  British  peninsula  from  Scandinavia. 
When  we  bear  in  mind  the  abundant  evidence 
which,  we  have  that  these  minor  oscillations,  with  a 
maximum  range  of  4,000  to  5,000  feet,  have  occurred 
again  and  again  all  over  the  world  within  compara- 
tively recent  periods,  alternately  uniting  lands  and 
separating  them  by  shallow  seas,  the  position  of  the 
deep  water  remaining  throughout  the  same,  the  im- 
portance  of  an  accurate  determination  of  the  depth  of 
intervening  sea  in  all  speculations  as  to  geographical 
distribution  and  the  origin  of  special  faunae  becomes 
most  apparent. 
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From  a  glance  at  the  map  (PI.  VIII.),  and  remem- 
bering that  nearly  the  same  arrangement  exists  in 
regard  to  the  newer  rocks  of  North  America,  it  would 
seem  that  the  sum  of  these  minor  elevations  and 
subsidences  has  produced  a  general  elevation  of  the 
edges,  and  a  general  contraction, — of  a  basin  the  long 
axis  of  which  coincides  j'oughly  with  the  long  axis  of 
the  Atlantic.  The  Jurassic  beds  crop  out  along  the 
outer  edge  of  the  basin,  the  cretaceous  beds  form  a 
middle  band,  while  the  tertiaries  occupy  the  troughs 
and  valleys.  All  of  these,  however,  maintain  a  cer- 
tain parallelism  determined  by  the  contour  of  the 
earlier  land  and  the  direction  of  the  older  mountain 
ridges,  to  one  another,  and  to  the  shores  of  the 
present  sea. 

From  the  parallel  of  SS"*  north  latitude,  at  all 
events  to  the  equator,  we  have  on  either  side  of 
the  Atlantic  a  depression  600  or  700  miles  in  width, 
averaging  15,000  feet  in  depth.  These  two  valleys 
are  separated  by  the  modern  volcanic  plateau  of  the 
A9ores.  It  does  not  seem  to  us  to  be  at  all  probable 
that  any  general  oscillations  have  taken  place  in  the 
northern  hemisphere  sufficient  either  to  form  these 
immense  abysses,  or,  once  formed,  to  convert  them 
into  dry  land. 

Reasoning  partly  upon  physical  and  partly  upon 
palseontological  grounds,  Mr.  Prestwich  thinks  it 
probable  that  the  ancient  chalk  ocean  which  formed 
a  great  transverse  belt  entirely  across  southern  and 
eastern  Europe  and  central  Asia  on  the  one  hand,  and 
across  the  Isthmus  of  Panama  and  southern  North 
America  on  the  other,  was  cut  off  by  a  land  barrier 
from  the  Arctic  Sea,  and  on  that  account  possessed  a 
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much  higher  and  more  equable  temperature  to  the 
bottom ;  and  there  is  every  reason  to  believe  that  such 
a  land  barrier  did  exist  to  the  north  of  the  great 
Atlantic  basin,  and  continuous  with  the  belt  of 
northern  land  on  which  there  is  no  deposition  of  cre- 
taceous rocks.  He  says  that  "  if  such  a  land  barrier 
existed  at  the  period  of  the  chalk,  and  that  barrier 
was  submerged  during  the  earlier  part  of  the  tertiary 
period,  it  would,  taken  in  conjunction  with  the  very 
different  conditions  of  depth  under  which  the  chalk 
and  lower  tertiaries  were  found,  go  far  to  account  for 
the  great  break  in  the  fauna  of  the  two  periods." 

Prom  the  information  we  have  as  to  the  depths 
in  the  South  Atlantic  and  the  North  Pacific,  there 
seems  to  be  no  reason,  however,  to  suppose  that  a 
barrier  has  recently  existed  shutting  off  the  polar 
sea  of  the  southern  hemisphere;  and  I  confess  I 
cannot  quite  see  how  the  result  suggested  by  Mr. 
Prestwich  could  follow,  without  taking  into  account 
another  condition  of  whose  existence  we  seem  to 
have  evidence.  A  band  of  cretaceous  rocks  has  been 
shown  to  extend  round  the  world  a  little  to  the 
north  of  the  equator  wherever  we  have  dry  land; 
and  it  has  likewise  been  shown,  from  considera- 
tions of  depth,  that  this  chalk  band  probably  ex- 
tended also  across  our  great  ocean  basins.  At  that 
time,  then,  it  seems  that  no  continent  ranging  from 
north  to  south  interrupted  the  drift  of  the  equatorial 
current,  deflecting  the  heated  equatorial  water  to 
north  and  south  and  inducing  a  return  indraught 
of  polar  water.  This  would  undoubtedly  remove 
one  great  cause,  if  not  the  sole  cause,  of  the  present 
low  temperature  of  deep  water  between  the  tropics. 
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According  to  this  view,  the  reduction  of  the  tempera- 
ture, the  cause  of  the  break  in  the  fauna,  would 
depend  more  upon  the  elevation  of  Central  America 
and  the  Isthmus  of  Panama  and  the  intertropical 
eastern  coast  of  the  continent  of  Asia,  than  even 
Upon  the  depression  of  the  northern  barrier  and  the 
throwing  open  of  the  Arctic  basin. 

"If  at  any  former  period  the  climate  of  the  globe 
was  much  warmer  or  colder  than  it  is  now,  it  would 
have  a  tendency  to  retain  that  higher  or  lower  tem- 
perature for  a  succession  of  geological  epochs.  .  .  • 
The  slowness  of  climatical  change  here  alluded  to 
would  arise  from  the  great  depth  of  the  sea  as  com- 
pared with  the  height  of  the  land,  and  the  con- 
sequent lapse  of  time  required  to  alter  the  position 
of  continents  and  great  oceanic  basins.  .  .  .  The 
mean  height  of  the  land  is  only  1,000  feet,  the 
depth  of  the  sea  15,000  feet.  The  effect,  therefore, 
of  vertical  movements  equally  1,000  feet  in  both 
directions,  upwards  and  downwards,  is  to  cause  a 
vast  transposition  of  land  and  sea  in  those  areas 
which  are  now  continental,  and  adjoining  to  which 
there  is  much  sea  not  exceeding  1,000  feet  in  depth. 
But  movements  of  equal  amount  would  have  no 
tendency  to  produce  a  sensible  alteration  in  the 
Atlantic  or  Pacific  oceans,  or  to  cause  the  oceanic  or 
continental  areas  to  change  *  places.  Depressions  of 
1,000  feet  would  submerge  large  areas  of  existing 
land;  but  fifteen  times  as  much  movement  would 
be  required  to  convert  such  land  into  an  ocean  of 
average  depth,  or  to  cause  an  ocean  three  miles  deep 
to  replace  any  one  of  the  existing  continents."  ^ 

1  LyeU,  Principles  of  Geology,  18G7.     Pp.  265-6. 
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The  wide  extent  of  Tertiaries  in  Europe  and  the 
north  of  Africa  sufficiently  proves  that  much  dry  land 
has  been  gained  in  tertiary  and  post-tertiary  times, 
and  the  great  mountain-masses  of  Southern  Europe 
give  evidence  of  great  local  disturbance.  But  al- 
though the  Alps  and  the  Pyrenees  are  of  sufficient 
magnitude  to  make  a  deep  impression  upon  the 
senses  of  men,  taking  them  together,  these  moun- 
tains would  if  spread  out  only  cover  the  surface 
of  the  North  Atlantic  to  the  depth  of  six  feet,  and 
it  would  take  at  least  two  thousand  times  as  much 
to  fill  up  its  bed.  It  would  seem  by  no  means  im- 
probable, that  while  the  edges  of  what  we  call  the 
great  Atlantic  depression  have  been  gradually  raised, 
the  central  portion  may  have  acquired  an  equivalent 
increase  in  depth;  but  it  seems  most  unlikely  that 
while  the  main  features  of  the  contour  of  the  northern 
hemisphere  remain  the  same,  an  area  of  so  vast  extent 
should  have  been  depressed  by  more  than  the  height 
of  Mont  Blanc.  On  these  physical  grounds  alone  we 
are  inclined  to*  believe  that  a  considerable  portion  of 
this  area  has  been  continually  under  water,  and  that 
consequently  a  deposit  has  been  forming  there  unin- 
terruptedly, from  the  period  of  the  chalk  to  our  own. 

I  will  now  turn  to  the  palseontological  bearings  of 
the  question.  Long  ago  Mr.  Lonsdale  showed  that 
the  white  chalk  was  mainly  made  up  of  the  debris  of 
foraminifera,  and  Dr.  Mantell  estimates  the  number  of 
these  shells  at  more  than  a  million  to  a  cubic  inch. 
In  1848  Dr.  Mantell,  speaking  of  the  chalk,  says 
that  it  "forms  such  an  assemblage  of  sedimentary 
deposits  as  would  probably  be  presented  to  observa- 
tion if  a  mass  of  the  bed  of  the  Atlantic,  2,000  feet 
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in  thickness,  were  elevated  above  the  waters  and 
became  dry  land ;  the  only  essential  difference  would 
be  in  the  generic  and  specific  characters  of  the  im- 
bedded animal  and  vegetable  remains.''^  In  1858 
Professor  Huxley  spoke  of  the  Atlantic  mud  as 
"  modern  chalk.'*  *  Very  early  the  identity  of  some 
of  the  chalk  foraminifera  with  species  now  living  was 
observed.  Mr.  Prestwich,  in  his  able  resume  of  this 
question,  so  often  quoted,  gives  a  table  drawn  up  by 
Professor  Rupert  Jones  of  19  species  of  foraminifera 
out  of  110  from  the  Atlantic  mud  identical  with 
chalk  forms,  viz. : — 


Species  of  Foraminifera  found  in  both  the  Atlantic 
Mud  and  the  Chalk  of  England  and  Europe. 


91 


Glandulina  kevigata,  D'Orbiony  . 
Nodosaria  radicular  Linn.   .     .     . 
„  raphanus,  Linn.       .     . 

Dentalina  communisy  D'Orbigny  . 
Cristellaria  culiraia^  Mont.  .  . 
rotulata,  Lam.  .  .  . 
crepidulaf  F.  and  M.  . 
Lagena  sulcata^  W.  and  J.  .     .     . 

„     globosa,  Montagu    .     . 
Polymorphina  lactea,  W.  and  J.    . 
,,  communis,  D*Orbigny 

compresm,  D'Orbigny 
orbignii,  Ehr.    . 
Globigerina  hulloides,  D'Orbigny  . 
Planorhulina  lobatula,  W.  and  J. 
Pulvinulina  micheliana,  D*Orbigny 
SpiropUcta  hiformis,  P.  and  J. 
Verneuilina  triqtietraf  Von  M.  .     . 
„  polgstrophay  Keuss 
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other  older  Formations  in  wliich 
they  are  also  found. 
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»  Wonders  of  Geology,  6tli  edition,  1848.     Vol.  i.  p.  30.1. 
'  Saturday  Review. 
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And  the  following  table,  showing  the  number  of 
foraminifera  common  to  the  Atlantic  mud  and  various 
geological  formations  in  England : — 


1 

1     Total 
1    in  the 
deep 
!  Atlantic. 

1 

Cwg 

110 

53 

London 
clay. 


28 


Common  to  the  following  Formations. 

Per- 
mian. 

1 
1 

Chalk. 

Upper 
Jurassic. 

Rhsetic 
Lower         and 
Jurassic.      Upper 
.     Trias. 

Carbo- 
niferous. 

19 

7 

7      '      7 

1 

1 

The  morphology  of  the  foraminifera  has  been 
studied  with  great  care,  and  the  differences  between 
closely  allied  so-called  species  are  so  slight  that  it  is 
possible  that  in  many  cases  they  should  only  be 
regarded  as  varieties ;  but  this  careful  criticism  and 
appreciation  of  minute  differences  renders  it  all  the 
more  likely  that  the  determinations  are  correct,  and 
that  animal  forms  which  are  substantially  identical 
have  persisted  in  the  depths  of  the  sea  during  a  con- 
siderable lapse  of  geological  time. 

In  the  late  deep-sea  dredgings  by  M.  de  Pourtales 
off  the  American  coast,  and  by  H.M.  ships  *  Light- 
ning '  and  *  Porcupine,'  and  Mr.  Marshall  Hall's  yacht 
*  Noma '  off  the  west  coast  of  Europe,  no  animal 
forms  have  been  discovered  belonging  to  any  of  the 
higher  groups,  so  far  as  we  are  as  yet  aware,  speci- 
fically identical  with  chalk  fossils ;  and  I  do  not  think 
that  we  have  any  right  to  expect  that  such  will  be 
found.  To  a  depth  of  5,000  feet  or  so  a  large  portion 
of  the  North  Atlantic  is  at  present  heated  very  con- 
siderably above  its  normal  temperature,  while  the 
Arctic  and  Antarctic  indraught  depresses  the  bottom 
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temperature  in  deep  water  to  a  like  extreme  degree. 
These  abnormal  temperatures  are  dependent  upon 
the  present  distribution  of  sea  and  land;  and  I 
have  already  shown  that  we  have  evidence  of  many 
oscillations,  in  modern  times  geologically  speaking, 
which  must  have  produced  totally  different  condi- 
tions of  temperature  over  the  same  area.  Accepting, 
as  I  believe  we  are  now  bound  to  do  in  some  form, 
the  gradual  alteration  of  species  through  natural 
causes,  we  must  be  prepared  to  expect  a  total  absence 
of  forms  identical  with  those  found  in  the  old  chalk, 
belonging  to  groups  in  which  there  is  sufficient 
structural  differentiation  to  require  or  to  admit  of 
marked  variation  under  altering  circumstances.  The 
utmost  which  can  be  expected  is  the  persistence  of 
some  of  the  old  generic  types,  and  such  a  resemblance 
between  the  two  faunae  as  to  justify  the  opinion  that, 
making  due  allowance  for  emigration,  immigration, 
and  extermination,  the  later  fauna  bears  to  the 
earlier  the  relation  of  descent  with  extreme  modi- 
fication. 

I  have  already  mentioned  that  one  of  the  most 
remarkable  differences  between  the  recent  Atlantic 
chalk-mud  and  the  ancient  white  chalk  is  the  total 
absence  in  the  latter  of  free  silica.  It  would  seem, 
from  the  analysis  of  chalk,  that  silicious  organisms 
were  entirely  wanting  in  the  ancient  cretaceous  seas. 
In  the  chalk  mud,  on  the  other  hand,  silica  is  found 
in  abundance,  in  most  specimens  to  the  amount  of 
from  30  to  40  per  cent.  A  considerable  portion  of 
this  is  inorganic  silica — sand ;  and  its  presence  is 
doubtless  due  to  the  circumstance  that  our  dredgings 
have  hitherto  been  carried  on  in  the  neighbourhood 


ciiAP.  X.]  CONTINVITY  OF  THE  CHALK.  481 

of  land  and  in  the  path  of  slight  currents,  whilst  the 
extreme  purity  of  the  wliite  elialk  of  Sussex  would 
seem  to  indicate  that  it  had  been  laid  down  in  deep 
still  water  far  from  land.    A  considerable  proportion 
of  the  silica  of  the  chalk-mud,  however,  consists  of 
the  spicules  of  sponges,  of  the  spicules  and  shields 
of   radiolarians,   and   of  the    frustules  of  diatoms ; 
and    this    organic    silica   is    uniformly   distributed 
through  the  whole  mass.     Taken  in  connection  with 
the   absence   of  diffused   silica  in  the  white   chalk, 
Ave  have  the  singular  fact  of  the  presence  of  regular 
layers   of  flinty  masses   of  nearly  pure   silica,  pre- 
senting frequently   the   external  form   of  more   or 
less  regularly-shaped  sponges,  and  frequently  filling 
up  the  cavities  of  sea-urchins  or  bivalve  shells.     If 
we  take  the  simple  instance  of  pure  grey  flint  filling 
up  entirely  the  cavity  of  an  urchin,  such  as  Gale- 
rites  albO'ffalerus,  or  Ananckytes  ovatus,  and  showing 
at  the  oral  opening  of  the  shell  a  little  projecting 
knob,  like  a  bullet-mould  filled  with  lead,  we  have 
no  escape  from  the  conclusion  that  after  the  death 
of  the  urchin  the  silica  has  percolated  into  the  shell 
in  solution  or  in  a  gelatinous  condition,  and  the  silica 
must   have  previously  existed  in  some  other  form, 
either  in  the  chalk  or  elsewhere.    In  the  chalk  which 
contains  not  a  trace  of  silica  we  often  find  the  moulds 
and  outlines  of  organisms  which  we  know  to  have  been 
silicious,  from  which  the  whole  of  the  silica  has  been 
removed  ;  and  I  have  more  than  once  seen  cases  in 
which  a  portion  of  the  delicate  tracery  of  a  silicious 
sj^onge  has  been  preserved  entire  in  a  flint,  while  the 
remainder  of  the  vase  which  projected  beyond  the 
outline  of  the  flint  appeared  in  the  chalk  as  a  trellis- 
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work  of  spaces,  vacant,  or  loosely  filled  with  peroxide 
or  carbonate  of  iron.  It  therefore  seems  certain  that 
by  some  means  or  other  the  organic  silica,  distributed 
in  the  shape  of  sponge  spicules  and  other  silicious 
organisms  in  the  chalk,  has  been  dissolved  or  reduced 
to  a  colloid  state,  and  accumulated  in  moulds  formed 
by  the  shells  or  outer  walls  of  imbedded  animals  of 
various  classes.  How  the  solution  of  the  silica  is 
effected  we  do  not  precisely  know.  Once  reduced 
to  a  colloid  condition,  it  is  easy  enough  to  imagine 
that  it  may  be^siftcd  from  the  water  by  a  process 
of  endosmose,  the  chalk  matrix  acting  as  a  porous 
medium,  and  accumulated  in  any  convenient  cavities. 
In  various  localities  in  the  chalk  and  green-sand  of 
the  North  of  England  the  peculiar  bodies  which  are 
called  Ventriculites  are  excessively  abundant, — ele- 
gant vases  and  cups  with  branching  root-like  bases, 
or  groups  of  regularly  or  irregularly  spreading  tubes, 
delicately  fretted  on  the  surface  with  an  impressed 
network  like  the  finest  lace.  In  the  year  1840  the 
late  Mr.  Toulmin  Smith  published  the  result  of 
many  years'  careful  study  of  these  bodies,  and  gave 
a  minute  and  most  accurate  description  of  their 
structure.  He  found  them  to  consist  of  tubes  of 
extreme  tenuity,  delicately  meshed,  and  having  be- 
tween them  interspaces  usually  with  very  regular 
cubial  or  octohedral  forms.  These  tubes  in  the  Ven- 
triculites found  in  chalk  were  empty,  or  contained  a 
little  red  ochreous  matter ;  but  when  a  ventriculite  or 
a  portion  of  one  happened  to  be  entangled  in  a  flint,  it 
was  either  incorporated  with  the  flint  or  replaced  by 
silica.  Mr.  Toulmin  Smith  supposed  that  the  skeleton 
of  the  ventriculite  had  been   originally  calcareous. 
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and  he  referred  the  group  to  the  Polyzoa.  When 
Mr.  Toulmin  Smith  studied  the  Ventrieulites,  the 
HexaetinellidsB— the  sponges  witli  six-rayed  meshes 
or  spicules — were  practically  imknown,  though  there 


were  already  a  few  examples  in  museums.  One  of  the 
first  results  of  deep-sea  dredging  was  the  discovery 
that  the  chalk-mud  of  the  deep  sea  is  in  many  places 
literally  crowded  with  these ;  and  when  we  compare 
Ii2 
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such  recent  forms  as  Aphrocallisles,  TphUeon,  MoU 
tenia,  and  Askonema  with  certain  series  of  the  chalk 
Ventriculites,  there  cannot  be  the  slightest  doubt  that 
they  belong  to  the  same  family — in  some  cases  to 
very  nearly  allied  genera.  Fig.  80  represents  a  rery 
beautiful  specimen  of  Ventriculites  simplex  preserved 
in  flint,  for  Avhich  I  am  indebted  to  ilr.  Sanderson  of 
Edinburgh.  Looking  at  this  in  the  light  of  our 
knowledge  of  Euplectella  or  Aphrocallisies  heatrix, 
we  have  no  difllculty  in  working  out  its  structure, 
even  to  the  most  minute  microscopic  detail. 

Other  sponges,  belonging  chiefly  to  the  Lithistidse 
and  the  Corticatse,  re- 
produce with  wonderful 
accuracy  the  more  irre- 
gular sponge-forms  of 
the  chalk  and  green- 
sand  ;  and  a  group,  as 
yet  undescribed,  but 
apparently  an  aberrant 
family  of  the  Esperiadse, 
send  out  long  delicate 
Fiu  »  -         I  T    a    flu  rn.  tubos,    which    cootract 

slightly,  but  in  a  most 
characteristic  way,  at  the  point  of  their  insertion 
into  the  sponge  body,  recalling  very  forcibly  the 
peculiar  manner  in  which  the  tube-like  root  processes 
join  the  sponge  in  such  genera  as  the  vaguely  defined 
Choanites. 

One  sponge  belonging  to  the  group  is  represented 
at  Fig.  83.  A  sphere  15  to  20  mm.  in  diameter  con- 
sists of  a  smooth  glossy  external  rind,  composed  of 
closely  meshed  pin-headed  spicules,  with  two  kinds 
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of '  spicules  of  the  sarcode,'  one  large,  C-shaped,  the 
other  much  more  minute,  answering  to  Bowerbank's 
'  tridentate  equianchorate '  type ;  every  now  and  then 


the  rind  thus  formed  coming  to  the  margin  of  a  small 
pore.  The  interior  of  the  sphere  is  filled  with  soft 
semi-fluid  sarcode,  supported  by  the  loosest  possible 
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mesh-work  of  granular  homy  matter  and  pin- 
headed  spicules.  Prom  points  apparently  irregularly 
placed  on  the  surface  of  the  sponge,  tubes  about 
3  mm.  in  diameter  run  out  in  all  directions ; 
the  walls  of  the  tubes  are  thin  and  delicate,  being 
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more  so  towards  the  distant  ends,  where  the  tuhes 
contract  slightly  to  an  open  orifice.  At  the  proximal 
end,  at  the  junction  between  the  tube  and  the 
sponge  body,  there  is  also  a  contraction,  and  a  Blight 
pit-like  iuvolutiou  of  the  surface  of  the  sponge. 
There  is  something  very  characteristic  in  tliis  pecu- 


liar form  of  junction  which  it  is  not  easy  to  define, 
but  which  almost  forces  the  conviction  that  there  ia 
the  closest  relation  between  these  recent  forms  and 
tube-bearing  fossil  sponges  such  as  Choanttes. 

Professor  Slartin  Duncan  mentions  several  corals 
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from  the  coast  of  Portugal  more  nearly  allied  to 
chalk  forms  than  to  any  others,  but  it  is  in  the 
Echinodermata  that  the  peculiar  relation  between 
the  ancient  and  the  modem  faurne  becomes  most 
apparent.  To  review  briefly  the  chief  points  bearing 
upon  this  question.  The  Apiocrinidse,  the  group  of 
fixed  crinoids  which  I  have  already  described,  are 
abundant  throughout  the  whole  range  of  the  Jurassic 
rocks,  their  remains  being  frequently  very  abundant 
in  the  thick  cream-coloured  limestone  beds  of  the 
oolites.  Towards  the  close  of  the  Jurassic  period, 
the  typical  genera  disappear,  and  in  the  chalk  we 
find  the  group  represented  by  an  evidently  degenerate 
form,  Bourgtietticririua.  In  some  tertiary-beds  frag- 
ments of  the  stems  of  a  small  JiourffuetHcrimis  have 
been  found,  and  such  were  likewise  discovered  in 
the  recent  lime  breccia  of  Guadaloupe,  which  con- 
tained the  well-known  human  skeleton  now  in  the 
British  Museum.  There  can  be  little  doubt  that 
these  tertiary  and  post-tertiary  fragments  are  to  be 
referred  rather  to  the  genus  JRhizocrinuSy  which  we 
now  know  to  be  so  widely  distributed,  living,  in 
deep  water.  Now  in  this  series  of  Apiocrinidaj, 
extending  from  the  Forest  marble  to  the  present 
time,  although  there  is  a  succession  of  constantly 
changing  species,  yet  the  gradual  degradation  in 
development  in  the  same  direction  throughout  the 
series  seems  to  point  unmistakeably  to  some  form 
of  continuity,  to  a  type  gradually  succumbing  to  con- 
ditions slowly  altering  in  an  unfavourable  direction. 

The  other  family  of  the  stalked  crinoids,  the 
Pentacrinidae,  are  in  a  different  position.  They  are 
abundant  in  the  Lias ;  very  abundant  in  the  lower 
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oolite,  where  slabs  are  often  found  almost  made  up 
of  them,  Avith  a  cliaracteristic  deep-water  association 
of  Cidaris,  Astrogoniumy  and  Astropecten ;  and  al- 
though not  abundant  in  the  English  chalk,  several 
species  are  found,  and  these  show  no  tendency  to 
degeneracy.  As  might  be  expected,  such  remains 
are  rare  in  the  shallow- water  tertiaries.  With  regard 
to  their  distribution  in  modern  seas,  from  the 
apparent  abundance  of  P.  asteria  and  P.  miilleri 
in  deep  water  in  the  AVest  Indies,  and  of  P.  wyville- 
thontsoni  off  the  coast  of  Portugal,  it  is  very  pos- 
sible, as  I  have  already  said,  that  they  may  occupy 
a  much  more  important  place  in  the  abyssal  fauna 
than  we  at  present  imagine. 

Nearly  all  the  additions  from  the  deep  water  to 
the  list  of  the  Asteridea  fall  into  the  genera 
Archaster  and  Astropecten^  or  into  the  various  sub- 
divisions of  the  old  genus  Goniaster,  From  their 
breaking  up  into  a  multitude  of  uu  distinguishable 
ossicles  by  the  decomposition  of  their  soft  organic 
matter  immediately  after  death,  the  fossil  remains 
of  star-fishes  are  comparatively  rare,  and  are  scarcely 
met  with  except  in  fine  calcareous  formations,  such 
as  the  AVenlock  limestone, — and  in  later  times  in  the 
fine  yellow  limestones  of  the  oolites,  and  in  the 
white  chalk.  In  the  latter  formation,  deposited  ap- 
parently very  much  under  the  same  circumstances 
as  tlie  Atlantic  chalk-mud,  tlie  general  character  of 
the  group  of  imbedded  star-fishes  is  almost  the  same 
as  in  the  modern  fauna  of  the  deep  Atlantic. 

The  Echinidea  are  a  more  typical  order.  Prom 
the  compactness  of  tlieir  tests  they  arc  more  readily 
preserved  entire,  and  from  the  earliest  periods  their 
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characteristic  and  harmoniously  varying  series  are 
of  considerable  value  in  the  discrimination  of  the 
different  formations.  In  the  soft  white  chalk  of  the 
south  of  England  their  remains  are  extremely  abun- 
dant. Perhaps  the  most  abundant  and  characteristic 
fossils  in  the  chalk  are  the  Cidaridse,  and  these  more 
than  any  other  chalk  fossils  illustrate  the  peculiar 
conditions  under  which  the  chalk  has  been  laid  down. 
The  great  spines  of  Cidaris  are  attached  to  the  plates 
of  the  shell  by  a  central  ligament  which  passes  from 
the  cup  on  the  spine  to  a  perforation  in  the  ball  on 
the  plate,  and  by  a  membrane  which  rises  from  the 
plate  and  passes  over  the  base  of  the  spine.  The 
spines  are,  however,  so  disproportionately  large,  and 
the  soft  matter  softens  and  decomposes  so  rapidly 
after  death,  that  it  is  difficult  to  keep  the  spines 
attached  to  a  specimen  prepared  even  with  consider- 
able care.  In  the  chalk,  tests  of  Cidaris  are  fre- 
quently preserved  absolutely  entire,  with  all  the 
spines  in  position ;  so  that  by  carefully  working  out 
the  chalk  with  a  penknife,  we  can  here  have  the 
whole  animal  perfect.  It  is  difficult  to  see  precisely 
how  this  result  can  have  been  produced.  The  urchin 
must  have  sunk  into  the  soft  chalk-mud  and 
been  covered  up  by  a  sufficient  quantity  to  support 
its  spines  and  test,  and  allow  the  whole  to  become 
gradually  compacted  into  a  solid  mass.  One  of  the 
new  deep-sea  Cidarites  belongs  to  a  genus  which 
had  previously  been  supposed  to  be  extinct,  but  the 
chalk-mud  forms  generally  do  not  show  any  special 
approach  to  any  particular  chalk  species.  Still  the 
general  character  of  the  group  is  the  same.  The 
Echinothuridie  were  previously  known  only  as  chalk 
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fossils,  SO  that  their  presence  apparently  in  abun- 
dance in  the  recent  chalk-mud  is  a  clear  instance 
of  the  preservation  of  one  of  the  old  types  hitherto 
supposed  to  be  extinct.  The  same  may  be  said  of 
JPourtaleaia^  which  must  associate  itself  either  with 
Ananchytes  or  with  Dysasler^  both  of  which  are 
types  of  groups  likewise  supposed  to  have  been  lost. 
We  thus  find  that,  while  no  Echinoderm  hitherto 
discovered  in  the  deep  water  is  specifically  identical 
with  any  chalk  form,  not  only  does  the  abyssal  fauna 
with  its  abundance  of  the  Cidaridse,  Echinothuridae, 
and  irregular  urchins,  and  the  disproportionate  num- 
bers of  the  genera  Astropecteriy  Adrogonium^  and 
Stellastei\  and  their  allies  among  starfishes,  singu- 
larly resemble  the  chalk  in  general  facies ;  but 
several  genera  approach  chalk  forms  more  closely 
than  they  do  any  hitherto  known  in  a  living  state 
— approach  them  so  closely  as  almost  to  force  upon 
us  the  conviction  that  their  relation  is  one  of  descent, 
accompanied  by  change  of  conditions  and  consequent 
modification,  though  not  to  any  extreme  degree. 

As  I  have  already  stated,  the  whole  of  the  mol- 
lusca  from  the  deep  water  which  had  been  previously 
described  as  fossils  were  known  from  tertiary  and 
post-tertiary  beds ;  with  the  very  doubtful  exception 
of  our  common  Terebrahilina  capiit-serpentisj  which 
certainly  approaches  very  closely  Terebratula  striata 
from  the  chalk. 

It  is  not  surprising  that  this  should  be  the  case. 
It  is  a  marked  character  of  the  European  Tertiaries 
that  with  the  exception  of  some  of  the  older  beds  in 
the  south  of  Europe,  all  of  them  have  been  deposited 
in  shallow  water ;  so  that  the  tertiary  beds  represent 
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the  mineral  accumulations  and  the  fauna  of  the 
margin  of  some  sea.  We  may  say  that  they  have  been 
deposited  in  the  shallow  water  of  tertiary  seas  whose 
deep-sea  fauna  is  unknown,  and  this  mode  of  expres- 
sion is  most  in  accordance  with  previous  ideas ;  but  if 
the  view  here  advocated  be  correct,  we  must  regard 
the  tertiaries  as  the  deposits  formed  and  exposed  by 
depressions  and  upheavals  of  the  borders  of  the  cre- 
taceous sea ;  of  a  sea  which,  with  many  changes  of 
condition  produced  by  the  same  oscillations  which 
alternately  exposed  and  submerged  the  tertiaries, 
existed  continuously,  depositing  conformable  beds  of 
chalk-mud  from  the  period  of  the  ancient  chalk. 

MoUusca  are  chiefly  shallow- water  forms,  although 
some  of  them  are  special  to  deep  water,  and  others 
have  a  great  vertical  range.  As  I  have  already  said, 
considering  the  many  clianges  in  the  conditions  which 
most  affect  animal  life  which  have  occurred  during 
later  geological  times,  we  cannot  expect  to  find  any 
animals  of  the  higher  groups  specifically  identical 
with  chalk  fossils ;  the  difficulty  in  the  case  seems 
rather  to  be  to  account  for  the  identity  of  many 
living  deep-water  species  with  species  found  in  the 
Tertiaries.  I  think,  however,  that  we  can  find  a  clue. 
Most  of  the  species  common  to  the  modern  Atlantic 
and  to  tertiary  beds  are  now  found  in  the  Atlantic  at 
much  greater  depths  tlian  those  at  which  they  were 
imbedded  in  the  tertiary  seas.  This  we  know  by  the 
species  from  shallower  water  which  are  associated 
with  them  in  the  Tertiaries.  They  are,  therefore, 
species  which  had  a  considerable  vertical  range ;  and 
probably  while  many  of  the  shallower  water  forms 
were    exterminated   by  elevations  or  other   change 
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affecting  the  first  one  or  two  hundred  fathoms,  they 
were  enabled  to  survive,  the  deeper  part  of  their 
habitat  having  suffered  but  little  alteration. 

Sir  Charles  Lyell  says :  "  The  reader  should  be 
reminded  that  in  geology  we  have  been  in  the  habit 
of  founding  our  great  chronological  divisions,  not  on 
foraminifera  and  sponges,  nor  even  on  echinoderms 
or  corals,  but  on  the  remains  of  the  most  highly 
organized  brings  available  to  us,  such  as  mollusca. 
...  In  dealing  with  the  mollusca,  it  is  those  of  the 
highest  or  most  specialized  organizations  which  afford 
us  the  best  characters  in  proportion  as  their  vertical 
range  is  the  most  limited.  Thus  the  cephalopoda  are 
the  most  valuable,  as  having  a  more  restricted  range 
in  time  than  the  gasteropoda,  and  these  again  are  more 
characteristic  of  the  particular  stratigraphical  sub- 
divisions than  the  lamellibranchiate  bivalves,  while 
these  last  again  are  more  serviceable  in  classification 
than  the  brachiopoda,  a  still  lower  class  of  shell-fish, 
which  are  the  most  enduring  of  all."  With  great 
deference  to  Sir  Charles  Lyell,  I  cannot  regard  the 
most  higlily  specialized  animal  groups  as  those  most 
fitted  to  gauge  the  limits  of  great  chronological 
divisions,  though  I  admit  their  infinite  value  in 
determining  the  minor  subdivisions. 

The  culmination  of  such  animal  groups,  such  as 
we  find  in  the  marvellous  abundance  and  variety  of 
both  orders  of  cephalopods  at  the  end  of  the  Jurassic 
and  the  commencement  of  the  cretaceous  period, 
undoubtedly  brings  into  high  relief,  and  admirably 
illustrates  to  the  student,  the  broad  distinctive  cha- 
racters of  the  mczozoic  fauna ;  but  speaking  very 
generally,  the  more  highly  a  mollusc  is  specialized 
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the  shallower  is  the  water  which  it  inhabits.  The 
cephalopods  are  chiefly  pelagic  and  surface  things, 
and  their  remains  are  consequently  found  in  deposits 
from  all  depths.  To  this  general  pelagic  distri- 
bution of  cephalopods  there  seem  to  be  two  re- 
markable exceptions,  and  these  the  two  members 
of  their  class  which  are  by  far  the  most  interest- 
ing in  their  geological  relations.  NaiUilua  pom- 
pilius  inhabits  the  deep  water  of  the  Pacific,  while 
the  habitat  of  Spirilla  atistralis  is  unknown.  The 
shell  of  Spirilla  is  thin  and  light,  and,  probably 
after  the  death  of  the  animal  and  by  the  decom- 
position of  organic  matter,  it  becomes  filled  with  air, 
and  the  emptied  shell  floats,  and  is  drifted  along  on  the 
surface  of  the  sea.  Tropical  shores  are  strewn  with 
the  pearly  little  coil,  which  attracts  attention  by  the 
elegance  of  its  form.  It  is  abundant  on  all  shores  in 
the  path  of  the  Gulf-stream.  Sysselmann  Muller  gave 
me,  a  few  years  ago,  a  quantity  which  had  been  drifted 
on  the  south-western  shores  of  different  islands  of  the 
Paeroe  group.  Still  the  structure  of  the  animal  of 
Spirilla  may  be  said  to  be  unknown.  One  specimen 
only,  which  was  described  by  Professor  Owen,  was 
found  nearly  perfect  on  the  coast  of  New  Zealand  by 
Mr.  Percy  Noel.  I  supi)ose  there  can  be  little  doubt 
that  this  is  a  deep-water  form,  and  I  hope  that  with 
our  deep-sea  dredging  we  shall  soon  clear  up  its 
economy ;  but  in  the  meantime  the  evident  abundance 
of  the  animal  and  our  ignorance  of  its  history  are  very 
suggestive.  In  the  London  clay  one  or  two  examples 
of  a  fossil  have  been  found,  nearly  allied  to  Spirula, 
but  differing  in  this  respect — that  a  solid  conical 
rostrum  projects  backwards,  its  half-calcified,  half- 
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horny  substance  enclosing  the  greater  part  of  tlie 
curved  spiral  shell.  Now  if  the  recent  Spirula  had 
been  weighted  with  such  a  rostrum  it  would  probably 
have  remained  up  to  the  present  time  utterly  unknown 
to  us.  It  is  unwise  to  prophesy,  but  I  certainly 
look  upon  some  form  allied  to  Spiruliroairis  as  one 
of  the  most  likely  spoils  of  the  deep  sea.  From  the 
Tertiaries  we  pass  to  the  Cretaceous  forms,  and  find 
in  Belemnitella  the  chambered  shell  straightened  and 
reduced,  and  the  ^  guard '  greatly  increased  in  size. 
If  Belemnites  were  deep-sea  animals,  as  seems  very 
probable,  and  if  any  of  them  still  exist, — from  the 
form  and  weight  of  their  shells  it  is  scarcely  possible 
that  they  should  ever  be  thrown  up  on  the  shore, 
and  without  deep-sea  dredging  they  might  remain 
for  ever  unknown.  I  merely  mention  this  to  show 
that  it  is  by  no  means  safe  to  base  even  what  little 
argument  might  rest  upon  it,  upon  the  absence 
at  the  present  time  of  all  representatives  of  the 
cretaceous  cephalopodous  fauna. 

The  gasteropods,  with  comparatively  few  excep- 
tions, range  from  the  shore  to  a  depth  of  100  to 
200  fathoms,  and  lamellibranchs  become  scarcer  at 
a  slightly  greater  depth ;  while  some  orders  of  bra- 
chiopods,  Crustacea,  echinoderms,  sponges,  and  fora- 
minifera,  descend  in  scarcely  diminished  numbers  to 
a  depth  of  10,000  feet.  In  fact,  the  bathy metrical 
range  of  the  various  groups  in  modern  seas  corre- 
sponds remarkably  with  their  vertical  range  in 
ancient  strata. 

A  change  in  the  distribution  of  sea  and  land  in- 
volving a  mere  change  in  the  course  of  an  ocean- 
current  might  modify  the  conditions  of  an  area  for 
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most  cephalopods  and  all  i)teropods,  heteropods,  and 
other  surface  living  animals  of  high  type,  even  to 
their  extinction.  By  oscillations  of  500  feet  up  or 
down,  the  great  mass  of  gasteropods,  and  all  reef- 
building  corals,  would  be  forced  to  emigrate,  would 
become  modified,  or  would  be  destroyed, — and  another 
hundred  fathoms  would  exterminate  the  greater  num- 
ber of  bivalves ;  while  elevations  and  depressions  to 
ten  times  that  amount  might  only  slightly  affect  the 
region  of  brachiopods,  echinoderms,  and  sponges. 

After  a  careful  consideration  of  the  results  of  recent 
investigations,  we  are  strengthened  in  our  confidence 
in  the  truth  of  the  opinion  which  we  previously  held, 
that  the  various  groups  of  fossils  characterizing  the 
tertiary  beds  of  Europe  and  North  America  represent 
the  constantly  altering  fauna  of  the  shallower  por- 
tions of  an  ocean  whose  depths  are  still  occupied  by 
a  deposit  which  has  been  accumulating  continuously 
from  the  period  of  the  pre-tertiary  chalk,  and  which 
perpetuates  with  much  modification  the  pre-tertiary 
chalk  fauna.  I  do  not  see  that  this  view  militates  in 
the  least  against  the  ^'  reasoning  and  classification"  of 
that  geology  which  we  have  learned  from  Sir  Charles 
Lyell ;  our  dredgings  only  show  that  these  abysses  of 
the  ocean — abysses  which  Sir  Charles  Lyell  admits  in 
the  passage  quoted  above,  to  have  outlasted  on  account 
of  their  depth  a  succession  of  geological  epochs — are 
inhabited  by  a  special  deep-sea  fauna,  possibly  as  persis- 
tent in  its  general  features  as  the  abysses  themselves. 
I  have  said  at  the  beginning  of  this  chapter,  that  I 
believe  the  doctrine  of  the  ^continuity  of  the  chalk,* 
as  understood  by  those  who  first  suggested  it,  now 
meets  with  very  general  acceptance  ;  and  in  evidence 
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of  this  I  will  quote  two  passages  in  two  consecutive 
anniversary  addresses  by  Presidents  of  the  Geological 
Society,  and  we  may  have  every  confidence  that  the 
statements  of  men  of  so  great  weight,  made  under 
such  circumstances,  indicate  the  tendency  of  sound 
and  judicious  thought.  Professor  Huxley,  in  the 
anniversary  address  for  the  year  1870,  says  : — "  Many 
years  ago^  I  ventured  to  speak  of  the  Atlantic  mud 
as  *  modern  chalk,'  and  I  know  of  no  fact  inconsistent 
with  the  view  which  Professor  Wyville  Thomson  has 
advocated,  that  the  modern  chalk  is  not  only  the 
lineal  descendant,  so  to  speak,  of  the  ancient  chalk, 
bat  that  it  remains,  so  to  speak,  in  possession  of  the 
ancestral  estate  ;  and  that  from  the  cretaceous  period 
(if  not  much  earlier)  to  the  present  day,  the  deep  sea 
has  covered  a  large  part  of  what  is  now  the  area  of 
the  Atlantic.  But  if  Globigerina  and  Terebratula 
caput'Serpetitis  and  Berijx^  not  to  mention  other 
forms  of  animals  and  of  plants,  thus  bridge  over  the 
interval  between  the  present  and  the  mezozoic 
periods,  is  it  possible  that  the  majority  of  other 
living  things  underwent  a  sea-change  into  something 
new  and  strange  all  at  once  ? '' 

And  Mr.  Prestwich,  in  the  presidential  address  for 
1871,  says  : — *'  Therefore,  although  I  think  it  highly 
probable  that  some  considerable  portion  of  the  deep 
sea-bed  of  the  mid- Atlantic  has  continued  submerged 
since  the  period  of  our  chalk,  and  although  the  more 
adaptable  forms  of  life  may  have  been  transmitted  in 
unbroken  succession  through  this  channel,  the  im- 
migrations of  other  and  more  recent  faunas  may 
have  so  modified  the  old  population,  that  the  original 

^  Saturday  Review,  1858  :   "  Chalk,  Ancient  and  Modern." 
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chalk  element  is  of  no  more  importance  than  is  the 
original  British  element  in  our  own  English  people.** 

Mr.  Prestwich  thus  fully  admits  the  high  pro- 
bability of  the  ^  continuity '  for  which  we  contend. 
The  last  question  which  he  raises  in  the  sentence 
quoted  is  one  of  enormous  difficulty,  which  we  have 
as  yet  no  data  to  solve.  It  is  perhaps  not  very  much 
harder,  however,  after  all,  than  the  problem  in  ethno- 
logy which  he  has  selected  as  an  illustration. 

Several  other  very  important  questions  bearing 
upon  the  conditions  of  the  ocean  at  great  depths, 
occupied  the  attention  of  the  naturalists  in  scientific 
charge  of  the  dredging  cruises  of  the  *  Lightning* 
and  ^  Porcupine.*  An  assistant  versed  in  the  methods 
of  chemical  and  physical  research  accompanied  the 
vessel  on  each  occasion.  A  son  of  Dr.  Carpenter, 
Mr.  William  Lant  Carpenter,  B.A.,  B.Sc,  went  on 
the  first  cruise  with  Mr.  Jeffreys.  Mr.  John  Hunter, 
P.C.S.,  a  promising  young  chemist,  since  deceased, 
accompanied  me  to  the  Bay  of  Biscay,  and  Mr.  Her- 
bert Carpenter,  a  younger  son  of  my  colleague,  was 
our  companion  during  the  third  long  cruise  in  the 
P*roe  channel. 

The  specific  gravity  of  the  water  was  taken  at 
each  station,  and  in  the  serial  soundings  the  water- 
bottle  was  let  down  to  the  intermediate  depths  and 
the  water  carefully  tested.  The  differences  observed 
were  very  slight,  but  they  were  as  a  rule  confirmatory 
of  Professor  Porschammer's  opinion  that  Arctic  water 
contains  less  salt  than  the  sea-water  of  temperate 
and  intertropical  regions. 

As  I  have  already  mentioned  (page  46),  organic 
matter  in  appreciable  quantity  was  detected  by  the 
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permanganate  test  everywhere,  and  at  all  depths. 
The  gas  contained  in  the  water  was  carefully  ana- 
lysed, and  it  was  found,  as  a  general  result,  that 
the  amount  of  free  carhon  dioxide  increased  and 
the  proportion  of  oxygen  diminished  with  increased 
depth.  There  seemed  to  be  reason  to  believe,  how- 
ever, that  the  quantity  of  carbon  dioxide  depended 
to  a  great  degree  upon  the  abundance  of  the  higher 
forms  of  life*  Mr.  Lant  Carpenter  used  always  to 
predict  a  bad  haul  for  the  zoologists  when  he  found 
the  proportion  of  carbon  dioxide  to  the  oxygen  and 
nitrogen  unusually  low.  The  great  increase  in  the 
quantity  of  carbon  dioxide  was  just  above  the  bottom. 
The  general  average  of  thirty  analyses  of  surface- 
water  gives  the  following  as  the  proportions  of  the 
contained  gases  present: — Oxygen  25*1,  nitrogen  54*2, 
carbon  dioxide  20*7  ;  this  proportion  was  subject, 
however,  to  great  variations.  Intermediate  water 
gave  an  average  percentage  of  oxygen  22-0,  nitrogen 
62*8,  and  carbon  dioxide  26*2 ;  while  bottom  waters 
gave — oxygen  19*5,  nitrogen  52*6,  and  carbon  dioxide 
27*9.  But  bottom  water,  at  a  comparatively  small 
depth,  often  contained  as  much  carbon  dioxide  as 
intermediate  water  at  much  greater  depths.  In  one 
of  the  serial  soundings,  in  which  the  water  was 
taken  at  every  50  fathoms,  three  analyses  gave  the 
following  singular  result : — 

T50  Fathoms. 

Oxygen 18*8 

Nitrogen     .     .     .     .     49 '3 
Carbon  dioxide     .     .     31*9 

The  greatly  increased  percentage  of  carbon  dioxide 
in  the  stratum  of  sea-water  immediately  overlying 


800  Fathoms. 

Bottom,  86S  Faths. 

17-8 

17-2 

48-6 

34-5 

33-7 

48-3 
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the  sea-bed,  was  here  accompanied  by  a  great  abun- 
dance of  animal  life. 

I  can  scarcely  regret  that  the  space  at  my  disposal 
will  not  allow  me  to  enter  at  present  into  the  many 
very  important  bearings  of  these  physical  investiga- 
tions, for  I  am  compelled  to  admit  that  I  do  not 
place  thorough  confidence  in  our  results.  The  obser- 
vations and  analyses  were  undoubtedly  conducted 
with  great  care  and  skill,  but  the  difference  between 
different  samples — in  specific  gravity,  and  more  espe- 
cially in  chemical  composition  and  the  relative  pro- 
portion of  the  ingredients — is  so  very  slight,  that  more 
exact  methods  than  those  which  have  been  hitherto 
employed  will  be  required  to  insure  accurate  results. 

In  such  investigations  everything  depends  upon 
the  perfection  of  the  means  of  bringing  up  water 
from  any  given  depth ;  and  the  principle  of  the 
construction  of  the  water-bottle  used  in  the  *  Por- 
cupine '  was  faulty.  It  consists  of  a  strong  tube  of 
brass  about  two  feet  in  length  and  two  inches  in 
internal  diameter,  containing  rather  more  than  a 
litre  and  a  half,  and  closed  at  each  end  by  a  brass 
disk.  In  the  centre  of  each  of  these  disks  there 
is  a  round  aperture  closed  by  a  well-ground  conical 
valve,  both  valves  opening  upwards  when  the  instru- 
ment is  in  position  for  being  let  down. 

In  passing  down  through  the  water,  a  continuous 
current  is  supposed  to  raise  the  valves  and  run 
through  the  bottle,  thus  keeping  it  constantly  filled 
with  the  water  of  the  layer  through  which  it  is 
passing.  On  reversing  the  motion  in  hauling  up, 
the  valves  fall  into  their  places,  and  the  contents 
of  the  tube  at  the  greatest   depth   are  brought  to 
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the  surface.  This  hottle  appeared  to  answer  fairly, 
and  we  often  had  evidence,  from  its  turbidity,  that 
bottom-water  came  up ;  but  subsequent  experiments 
have  shown  that  it  cannot  be  depended  upon,  and 
some  of  the  reasons  are  sufficiently  obvious.  The 
instrument  will  not  work  at  all  unless  the  descend- 
ing motion  be  sufficiently  steady  and  rapid  to  main- 
tain a  current  capable  of  keeping  two  heavy  brass 
valves  open  to  their  full  extent;  if  there  be  the 
slightest  reversal,  or  jerk,  or  irregularity  in  hauling 
up,  the  water  is — at  all  events  partially — changed  ; 
the  two  valves,  even  when  thoroughly  open,  are 
directly  in  the  path  of  the  ingress  and  egress  of 
the  water — and  there  is  reason  to  believe  that  the 
water  is  not  so  rapidly  and  thoroughly  changed  as 
we  at  first  imagined.  A  perfectly  satisfactory  water- 
bottle  is  still  a  desideratum,  but  I  believe  that  one 
which  was  used  by  Dr.  Mayer  and  Dr.  Jacobsen 
in  the  German  North  Sea  expedition  of  the  past 
summer,  goes  far  to  remedy  most  of  these  defects. 
I  hope  wo  may  be  in  a  better  position  to  give  an 
opinion  a  year  hence. 

I  give,  in  the  appendix  to  this  chapter,  an  abstract 
of  the  general  results  of  the  chemical  investigations 
carried  on  during  the  *  Porcupine '  cruises  of  1869 ; 
and  I  add  a  note,  for  which  I  am  indebted  to  my 
friend  Mr.  J.  Y.  Buchanan,  who  accompanies  me  as 
chemist  to  the  *  Challenger '  expedition,  which  will 
show  how  much  has  yet  to  be  done  before  we  can 
hope  to  come  to  any  really  satisfactory  conclusion 
as  to  the  amount  and  condition  of  the  gases  con- 
tained in  sea-water.  Neither,  I  regret  to  say,  can 
we   place   much   reliance   on   the    determination    of 
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organic  matter  in  sea-water  by  the  permanganate 
method,  although  there  is  every  probability  that 
the  general  result  at  which  we  arrived — that  organic 
matter  is  contained  in  the  water  of  the  ocean  in 
all  localities  and  at  all  depths — is  substantially  true. 
The  application  of  the  exact  methods  of  modern 
science  to  this  line  of  inquiry  is  new,  and  it  will 
require  long  and  patient  work  to  bring  it  to  per- 
fection. The  one  real  advance  which  has  been  made 
in  this  direction  is  the  addition  to  the  appliances  for 
the  investigation  of  the  physics  of  the  deep  sea;  of  a 
correct  and  trustworthy  instrument  by  which  ocean 
temperatures  can  be  ascertained  to  any  depth  with 
what  may  be  regarded  as  absolute  accuracy  for  all 
practical  purposes. 
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APPENDIX  A. 

Summary  of  the  Results  of  the  Examination  of  Samples  of  Sea- 
writer  taken  at  the  Surface  and  at  variovs  Deptlis,  By  Wm. 
Lant  Carpenter,  B.A.,  B.Sc. 

Surface-waters. — Care  was  taken  to  obtain  these  samples  as 
pure  as  possible,  and  free  from  any  contamination  caused  by 
matters  derived  from  the  vessel,  by  dipping  them  up  in  clean 
vessels  at  a  few  inches  below  the  surface  at  or  near  the  bow 
of  the  ship.  In  two  instances,  however,  the  samples  were  taken 
from  abaft  the  paddles. 

Waters  taken  at  deptlis  below  the  surface, — It  was  found 
desirable  to  coat  the  brass  Water-Bottles  internally  with 
sealing-wax  varnish,  owing  to  the  corrosive  action  of  the  sea- 
water.  Tlie  apparatus  was  then  found  to  work  perfectly  satis- 
factorily in  all  cases  in  which  there  was  sufficient  weight  on  the 
sounding-line  to  which  they  were  attached  to  keep  the  bottles 
perpendicular,  or  nearly  so.  When,  from  the  smallness  of  the 
attached  weight,  or  the  roughness  of  the  sea,  the  sounding-line 
was  at  an  acute  angle  with  the  general  level  of  the  sea-surface 
while  it  was  being  drawn  up,  the  results  of  the  examination  of 
water  thus  obtained  rendered  it  highly  probable  that  some  water 
at  or  near  the  surface  had  found  its  w^ay  into  the  bottle,  and  that 
its  contents  were  not  to  be  relied  on  as  coming  from  the  lowest 
depths. 

When  bottom-water  was  obtained  from  depths  beyond  500 
fathoms,  it  was  almost  invariably  charged  with  a  quantity  of 
very  fine  mud  in  suspension,  rendering  it  quite  turbid.  Many 
hours*  standing  was  necessary  for  the  deposit  of  this ;  but  it  was 
readily  removed  by  filtration.  In  no  instance  was  there  any 
evidence  of  water  from  great  depths  being  much  more  highly 
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charged  with  dissolved  gases  than  surface-waters  ;  a  considerable 
elevation  of  temperature  being  in  all  cases  necessary  for  the 
evolution  of  any  dissolved  ga5. 

Mode  of  examining  Samples, — The  samples  of  water  thus 
taken  were  examined  with  as  little  delay  as  possible,  with  a 
view  to  determine : — 

(1)  The  specific  gravity  of  the  water. 

(2)  The  total  quantity  of  dissolved  gases  contained  in  them, 

and  the  relative  proportions  of  oxygen,  nitrogen,  and 
carbonic  acid. 

(3)  The  quantity  of  oxygen  necessary  to  oxidize  the  organic 

matter  contained  in  the  water ;  distinguishing  between 
a,  the  decomposed  organic  matter,  and 
&,  the  easily  decomposable  organic  matter. 

(1)  The  specific  gravity  determinations  were  made  at  a  tem- 
perature as  near  60°  Fahr.  as  possible,  with  delicate  glass  hy- 
drometers, so  graduated  that  the  specific  gravity  could  be  read 
oft'  directly  to  the  fourth  decimal  place  with  ease. 

(2)  The  apparatus  for  the  analysis  of  the  gases  dissolved  in 
the  sea-water  was  essentially  that  described  by  Prof.  Miller 
in  the  second  volume  of  his  '  Elements  of  Chemistry.*  It  was 
found  necessary  to  make  several  modifications  in  it,  to  adapt  it 
to  the  motion  of  the  vessel.  These  consisted  chiefly  in  sus- 
pending much  of  it  from  the  cabm-ceiling,  instead  of  supporting 
it  from  beneath,  and  in  rendering  all  the  parts  less  rigid  by  a 
free  use  of  caoutchouc  tubing,  &c.,  the  utmost  care  being  taken 
to  keep  all  joints  tight. 

It  was  found  possible  to  make  correct  analyses,  even  when 
the  vessel  was  rolling  sufficiently  to  upset  chairs  and  cabin- 
furniture. 

The  method  of  analysis  may  be  thus  summarized: — From 
700  to  800  cubic  centimetres  of  the  sample  to  be  examined 
were  boiled  for  about  thirty  minutes,  in  such  a  way  that  the 
steam  and  mixed  gases  evolved  were  collected  over  mercury  in 
a  small  graduated  Bunsen's  gas-holder,  all  access  of  air  being 
carefully  guarded  against.  The  mixed  gases  were  then  trans- 
ferred to  two  graduated  tubes  in  a  mercurial  trough,  where  the 
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carbonic  acid  was  first  absorbed  by  a  strong  solution  of  caustic 
potash;  and  subsequently  the  oxygen  was  absorbed  by  the 
addition  of  pyrogallic  acid,  the  remaining  gas  being  assumed  to 
be  nitrogen. 

The  results  of  the  analyses  were  always  corrected  to  the 
standard  temperature  of  0°  Cent,  and  to  760  millimetres*  baro- 
metric pressure,  for  comparison  among  themselves  and  with 
others.  In  nearly  every  case  the  duplicate  analyses  from  the 
same  gaseous  mixture  agreed  closely,  if  they  were  not  identical. 

(3)  The  examination  of  the  sea-water  for  organic  matter  was 
made  according  to  the  method  detailed  by  Pro£  Miller  in  the 
Journal  of  the  Chemical  Society  for  May  1865,  with  an  addition 
suggested  by  Dr.  Angus  Smith.  Each  sample  of  water  was 
divided  into  two;  to  one  of  these  a  little  free  acid  was  added, 
and  to  both  an  excess  of  a  standard  solution  of  permanganate 
of  potash.  At  the  end  of  three  hours  the  reaction  was  stopped 
by  the  addition  of  iodide  of  potassium  and  starch,  and  the 
excess  of  permanganate  estimated  by  a  standard  solution  of 
h)rposulphide  of  soda.  The  portion  to  which  free  acid  was  added 
gave  the  oxygen  required  to  oxidize  the  decomposed  and  easily 
decomposable  organic  matter;  the  second  portion  gave  the 
oxygen  required  by  the  decomposed  organic  matter  alone,  which 
was  usually  from  about  one-half  to  one-third  of  the  whole. 

The  following  is  a  summary  of  the  total  number  of  obser- 
vations, analyses,  &c.,  made  during  the  three  cruises  respec- 
tively : — 


Specific-gravity  detenninations 
Daplicate  gas-analyses  .  .  . 
Organic-matter  tests  .... 


First 
Cruise. 


72 

45 

137 


Second 

Third 

Cruise. 

Cruise. 

27 

26 

23 

21 

26 

32 

Total. 


125 

89 

195 


Specific  Gravitij. — The  specific  gravity  of  surface-water  was 
found  to  diminish  slightly  as  land  was  approached;  but  the 
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average  of  thirty-two  observations  upon  water  at  a  sufficient 
distance  from  land  to  be  unaffected  by  local  disturbances  was 
1*02779,  the  maximum  being  10284  and  the  minimum  1-0270. 

It  was  almost  always  noticed  that,  during  a  high  wind,  the 
specific  gravity  of  surface-water  was  (ibove  the  average. 

The  average  of  thirty  observations  upon  the  specific  gravity 
of  intermediate  water  was  10275,  the  maximum  being  10281 
and  the  minimum  10272. 

The  specific  gravity  of  bottom-waters  at  depths  varying 
from  77  to  2,090  fathoms,  deduced  from  an  average  of  forty- 
three  observations,  was  1*0277,  the  maximum  being  1*0283  and 
the  minimum  1'0267. 

It  will  be  noticed  that  the  average  specific  gravity  of  bottom- 
water  is  slightly  less  than  that  of  surface-water.  In  several 
instances  the  specific  gravities  of  surface-  and  of  bottom-waters 
taken  at  the  same  place  having  been  compared,  tliat  of  the 
bottom-water  was  found  to  be  appreciably  less  than  that  of  the 
surface-water.     Thus —  . 


And 


At  1425  fathoms'  depth  (Station  17)  it  was     .     .  1-026J) 

Surface  at  the  same 1*0280 

At  664  fathoms'  depth  (Station  26  6)  it  was    .    .  1 0272 

Surface  at  the  same 1  -0280 


According,  however,  to  a  series  of  observations  made  at  the 
same  spot  (Station  42)  at  intervals  of  fifty  fathoms,  from  50  to 
800,  the  specific  gravity  increased  with  the  depth  from  1*0272 
at  50  fathoms  to  1*0277  at  800  fathoms. 

Several  series  of  specific-gravity  observations  were  made  near 
the  mouths  of  rivers  and  streams ;  showing  the  gradual  mixture 
of  fresh  and  salt  water,  and  the  floating  of  lighter  portions  above 
the  denser  sea-water,  as  well  as  the  reverse  effect  produced  by 
the  influence  of  tidal  currents.  Thus  outside  Belfast  Lough  a 
rapid  stream  of  water  of  specific  gravity  10270  was  found  above 
water  which,  at  a  depth  of  seventy-three  fathoms,  had  a  specific 
gravity  of  1*0265. 

Qases  of  Sea-water. — The  analyses  of  the  gaseous  constituents 
of  sea-water  may  be  divided  into  two  groups :  (1)  Analyses  of 
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surface-waters.  (2)  Analyses  of  waters  below  the  surface ;  and 
these  last  may  be  again  subdivided  into  (a)  intermediate,  and 
(6)  bottom-waters. 

The  total  quantity  of  dissolved  gases  in  sea-water,  whether 
at  the  surface  or  below  it,  was  found  to  average  about  2*8 
volumes  in  100  volumes  of  water. 

The  average  of  thirty  analyses  of  surface-waters  made  during 
tlie  expedition  gave  the  following  proportions : — 


Percentage. 

Oxygen 25046 

Nitrogen     .         .     .       64-211 
Carbonic  acid .     .    .       20*743 


Proportion. 
100 
216 
80 


100-000 

These  were  thus  distributed  over  the  three  cruises,  and  the 
maxima  and  minima  of  each  constituent  are  thus  shown : — 


mm    •• 

5  S    Oxy.  Nltro.    ^"'^ 
gen.     B«i.     ^^.ij 


First  Cnilse  . 
Second  Cniise. 
Third  Cruise  . 


19     24-47    52  95    2258 


31-33    54-85    13  82 


9     24  86    56-73    18-41 


Average 
proportion. 


Oxygen. 


f\    t  »T   '/*•  rw  '  Max.     Min 
O.  I  N.  CO,    p^^  i    j^^ 


cent. 


100   216    92 


100    175    44 


28-78 


cent. 


19  60 


37-10    25-56 


100  I  228     74     45-28    13  98 


Nitrogen. 

Carbonic 
Acid. 

Max. 

per 

cent. 

Min. 

per 

cent. 

Max.     Min. 

per    1  per 

cent.  ,  cent. 

6295 
59  63 
68-67 

46-35 
50-07 
41-42 

32  D 

24-37 

2714 

1272 
3-27 
5-64 

It  is  interesting  to  remark  that  surface-water  contains  a 
greater  quantity  of  oxygen  and  a  less  quantity  of  carbonic  acid 
during  the  prevalence  of  strong  wind.  The  following  is  an 
average  of  five  analyses  made  under  such  conditions : — 

[  Oxygen  .... 

5 1  Nitrogen      .     .     . 

'  Carbonic  acid  .     , 

In  the  two  cases  which  presented  the  remarkable  small 
minima  of  carbonic  acid  with  a  great  excess  of  oxygen,  the 
water  had  been  accidentally  taken  from  immediately  abaft 
the  paddles,  where  it  had  been  subject  to  violent  agitation 
in  contact  with  air. 


Per  cent. 

Proportion. 

General  average. 

29-10 

100 

25*046            100 

52-87 

182 

54-211           216 

1803 

62 

20-743            83 
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Of  water  at  various  depths  beneatli  the  surface,  fifty-nine 
analyses  were  made.  Those  in  the  first  cixiise,  twenty-six 
in  nnmber,  were  cliiefly  from  bottom-water  at  depths  from 
25  to  1,476  fathoms.  In  the  second  cruise  the  twenty-one 
analyses  chiefly  belonged  to  two  series, — the  first  of  samples 
taken  at  intervals  of  250  fathoms,  from  2,090  to  250  fathoms 
inclusive}  and  the  second  of  samples  taken  at  intervals 
of  fifty  fathoms  from  862  to  400  fathoms  inclusive.  In  the 
third  cruise  twelve  analyses  were  made, — eight  of  bottom-water, 
of  which  one-half  were  in  the  "cold  area,"  and  four  at  inter- 
mediate depths. 

The  general  average  of  the  fifty-nine  analyses  of  water  taken 
below  the  surface  gives : — 

Percentage.  Proportion. 

Oxygen 20-568  100 

Nitrogen 52'240  2M 

Carbonic  acid .     .     .     ,       27']  92  132 


100-000 

It  wQl  be  seen  from  this  that  while  the  quantity  of  nitrogen 
is  only  1*97  per  cent,  less  than  in  surface-water,  the  quantity  of 
oxygen  is  diminished  by  4*48  per  cent.,  and  the  quantity  of 
carbonic  acid  increased  by  645  per  cent.  This  difference  is 
greater  if  bottom- waters  only  are  compared  with  surface-waters. 


30  Surface.                   24  Intermediate. 

35  Bottom. 

Per  cent    Proportion. 

Per  cent. 

Proportion. 

Per  cent. 

Pfopor- 
tion. 

Oxygen    .    ,    , 
Nitrogen  .    .     . 
Carbonic  acid    . 

25-05 
54-21 
20-74 

100 

216 

83 

22  03 
61-82 
26-15 

100 
235 
119 

19-63 
52-60 

27-87 

100 
261 
143 

1 

100-00 

100-00 

100-00 

The  two  series  of  analyses,  before  referred  to,  performed 
during  the  second  cruise  upon  intermediate  waters  at  successive 
depths  over  the  same  spot,  both  show  a  regidar  increase  of  tlie 
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carbonic  acid  and  diminution  of  the  oxygen,  as  the  depth 
increases,  the  percentage  of  nitrogen  varying  but  slightly. 

These  general  results  appear  to  show  that  the  oxygen  dimi- 
nishes and  the  carbonic  acid  increases  with  the  depth  until  the 
bottom  is  reached ;  but  that  at  the  bottom,  whatever  the  depth 
from  the  surface,  the  proportions  of  carbonic  acid  and  of  oxygen 
do  not  conform  to  this  law,  bottom-water  at  a  comparatively 
small  depth  often  containing  as  much  carbonic  acid  and  as  little 
oxygen  as  intermediate  water  at  a  greater  depth.  No  instance 
occurred  during  the  first  two  cruises  in  which  (where  samples 
of  surface  and  intermediate  or  bottom-waters  were  taken  at  the 
same  place)  the  quantity  of  carbonic  acid  was  less  and  of 
oxygen  greater  than  at  the  surface ;  the  only  exception  occurred 
in  the  third  cruise,  at  a  place  where,  it  is  believed,  currents  of 
water  were  meeting. 

It  was  frequently  noticed  that  a  large  percentage  of  carbonic 
acid  in  bottom-water  was  accompanied  by  an  abundance  of 
animal  life,  as  shown  by  the  dredge ;  and  that  where  the  dredge- 
results  were  barren,  the  quantity  of  carbonic  acid  was  much 
smaller.  The  greatest  percentage  of  carbonic  acid  ever  found 
was  accompanied  by  an  abundance  of  life;  while  at  a  short 
distance  (62  fathoms)  above  the  bottom,  the  proportion  of  car- 
bonic acid  was  conformable  to  the  law  of  variation  with  depth 
before  referred  to  : — 

Bottom,  8fi2  fni«. 

Oxygen 17*22 

Nitrogen 34-50 

Carbonic  acid    .     .     .       48*28 


800  fni8. 

760  fms. 

17-79 

18-76 

48-46 

49-32 

33-75 

31-92 

100-00  100*00  100-00 

The  lowest  percentage  of  carbonic  acid  (7*93)  ever  found  in 
bottom-water,  occurring  at  a  depth  of  362  fathoms,  was  ac- 
companied by  a  "  very  bad  haul/* 

In  crossing  the  wide  channel  from  the  north-west  of  Ireland 
towards  Rockall,  where  the  water  for  some  distance  is  over 
1,000  fathoms  depth,  so  that  the  other  circumstances  varied  very 
little,  if  at  all,  the  proportion  of  carbonic  acid  appeared  to  vary 
with  the  dredge-results  ;  so  that  the  analyst  ventured  to  predict 
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whether  the  collection  would  be  good  or  not  before  the  dredge 
came  to  the  surface — drawing  his  inference  from  the  results  of 
his  analyses  of  the  gases  of  the  bottom-water.  In  each  case 
his  prediction  was  justified  by  the  result. 

Station  17.        Statiok  19.      Statiow  20.        Station  21. 
1,425  fuis.  1,360  fiU8.  1,443  fms.  1,476  ftns. 

Oxygen     ....       1614  17D2  21*34  16*68 

Nitrogen  ....       48*78  45*88  47*51  43*46 

Carbonic  acid     .     .       35*07  36*20  31*15  39*86 


10000  100*00  100*00  100*00 

Grood  haul      Good  haul.    Bad  haul.     Grood  haul. 

In  the  analyses  made  of  the  water  in  the  cold  area,  and 
generally  in  the  third  cruise,  there  appears,  as  might  be 
expected  from  the  various  currents,  &c.,  a  greater  variation  in 
the  results  than  in  the  other  series.  In  the  bottom  and  inter- 
mediate waters  the  nitrogen  appears  to  be  rather  in  excess  of 
the  average,  and  the  carbonic  acid  has  a  large  range  of  varia- 
tion— from  7*58  per  cent,  at  Station  47  (540  fathoms,  temp. 
43°*8)  to  45*79  per  cent,  at  Station  52  (384  fathoms,  30***6 
Fahr.).  The  average  of  the  surface-waters  is  much  the  same  as 
in  the  other  parts  of  the  cruise. 

It  may  be  worth  notice  that  in  localities  where  the  greatest 
depth  did  not  exceed  150  fathoms,  the  results  of  the  gas-analysis 
of  bottom-  and  surface-water  were  frequently  so  nearly  the  same, 
whatever  the  amount  of  animal  life  on  the  bottom,  as  to  lead 
to  the  supposition  that  there  might  be  at  that  limit  a  sufficient 
circulation,  either  of  the  particles  of  the  water  itself  or  of  the 
gases  dissolved  in  it,  to  keep  the  gaseous  constitution  alike 
throughout.  The  coincidence  of  this  depth  with  the  extreme 
depth  at  which  fish  are  usually  found  to  exist  in  these  seas  is 
suggestive. 

Organic  matter. — With  a  view  to  test  the  method  of  analysis 
by  permanganate  of  potash,  two  or  three  series  of  analyses  were 
made  where  fresh  and  salt  water  mixed  together,  as  in  Killibegs 
Harbour,  Donegal  Bay,  &c. ;  and  the  results  in  all  cases  justified 
the  expectation  formed,  that  the  amount  of  permanganate  was 
an  index  of  the  comparative  purity  of  the  water,  both  as  regards 
the  "  decomposed  '*  and  the  "  decomposable  "  organic  matter. 
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Disregarding  the  above  series,  a  total  of  134  experiments  were 
made  upon  sea- water,  which  may  be  thus  divided : — 

56  upon  surface-water, 

18    ,y     intermediate  water, 

60    „     bottom- water, 


134 


during  the  first  and  third  cruises. 

The  results  are  given  in  the  quantity  of  oxygen  in  fractions 
of  a  gramme  required  to  oxidize  the  organic  matter  in  a  litre  of 
water. 

Average  of  56  analyses  of  surface-water : — 


No. 

28.  Decomposed.     .     .       0*00025 

28.  Decomposable    .     .      O'OOO/O 


Total  0-00095. 


Decomposed.     .     .       0'()(H)94 
Decomposable  .     .      000100 


Maximum.  Minimum. 

OtKKXK) 
O'OOOIH^ 
0-0(KXK) 


4  cases. 

1   case. 

1   case. 


Total      .     .     .       000194 

Average  of  18  analyses  of  intermediate  water : — 

No. 
9.'  Decomposable.     \     \       0*00034  J  ^"^^'"^  0-00039. 

Tn  7  out  of  9  there  was  no  *'  decomposed  "  organic  matter ; 
and  in  3  out  of  9  there  was  no  organic  matter  at  all,  as  indi- 
cated by  this  test. 

In  this  series  the  analyses  of  the  observ^ations  made  during 
the  second  cruise  are  not  included,  as  the  calculations  have 
been  differently  made. 

Average  of  60  analyses  of  bottom- water  : — 

No. 

26.  Decomposed    .     .     .       000047  ) 

34.  Decomposable.     .     .       000041  }  ^^^^  0-00088 


Decomposed     .     .       0-00105 
Decomposable  .     .      0'00148 

Total     .     .       0-00253 


Maximum.  Ifinimnm. 

0-00000 
0-00000 
000000 


2  cases. 
1  case. 
1  case. 
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These  figures  appear  to  show  (1)  that  intermediate  waters  are 
more  free  from  organic  contamination  tlian  either  surface-  or 
bottom-waters,  as  might  be  expected  from  the  comparative 
absence  of  animal  life  in  these  waters ;  (2)  that  the  total  absence 
of  organic  matter  is  least  frequent  in  bottom-waters,  and  most 
frequent  in  intermediate  waters,  surface-waters  occupying  a 
middle  place  in  this  respect;  and  (3)  that  there  is  not  much 
difference  between  bottom-  and  surface-waters,  either  in  the  total 
quantity  of  organic  contamination  or  in  the  relative  propor- 
tions of  the  "  decomposed  "  and  "  easily  decomposable  "  organic 
matter. 

It  may  be  worth  notice  that  when  the  bottom-water  from 
great  depths  was  muddy,  tests  made  before  and  afU^r  filtration 
showed  that  some  of  the  organic  matter  was  removed  by  this 
operation. 


APPENDIX    B. 

Eesidt^  of  the  Analyses  of  Eight  Samples  of  Sea-Water  col- 
lected duHng  the  Third  Cruise  of  the  ' Porcupine*  By  Dr. 
Frankland,  F.E.S. 

RoTAL  College  of  Chemibtrt, 
November  \h%  1869. 

Deak  Dr.  Cakpentek, — Herewith  I  enclose  results  of  analyses 
of  the  samples  of  sea-water  collected  during  your  recent  cruise 
in  the  *  Porcupine.' 

I  shall  not  attempt  to  draw  any  general  conclusions  from  these 
results;  your  own  intimate  knowledge  of  the  circumstances 
under  which  the  different  samples  were  collected  will  enable  you 
to  do  this  much  better  than  I. 

There  is,  however,  one  point  which  is  highly  remarkable,  and 
to  which  I  would  draw  your  attention ;  it  is  the  large  amount  of 
very  highly  nitrogenized  organic  matter  contained  in  most  of 
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the  samples,  as  shown  of  the  detenuinatioDB  of  organic 
carbon  and  organic  nitrogen,  and  the  proportion  of  organic 
carbon  to  organic  nitrogen.  For  the  purposes  of  comparison,  I 
have  appended  the  results  of  analyses  of  Thames-water  and  of 
the  water  of  Loch  Katrine,  the  former  representing  probably 
alx}ut  a  fair  average  of  the  proportion  of  oiganic  nitrogen 
reaching  the  sea  in  the  rivers  of  this  country,  but  being  pre- 
sumably considerably  greater  than  that  contributed  by  rivers  in 
other  pails  of  the  world  If  this  be  so,  it  follows  either  that 
soluble  nitrogenous  organic  matter  is  being  generated  from  inor- 
ganic materials  in  the  sea,  or  that  this  matter  is  undergoing  con- 
centration by  the  evaporation  of  the  ocean, — the  rivers  and 
streams  continually  furnishing  additional  quantities  whilst  the 
water  evaporated  takes  none  away. 

The  amounts  of  carbonate  of  lime  given  in  the  table  are  ob- 
tained by  adding  the  number  three  (representing  the  solubility  of 
carbonate  of  lime  in  pure  water)  to  the  temporary  hardness  which 
denotes  the  carbonate  of  lime  thrown  down  on  boiling.  As  the 
determination  of  temporary  hardness  in  water  containing  so 
much  saline  matter  is  not  very  accurate,  the  numbers  in  the 
columns  headed '  Temporary  Hardness  *  and  '  Carbonate  of  Lime  * 
must  only  l)e  regarded  as  rough  approximations  to  the  truth  ; 
moreover,  a  small  proportion  of  carbonate  of  magnesia  is  mixed 
w^itli  the  carbonate  of  lime  and  estimated  with  it. 

In  all  tlieir  peculiar  features  these  analytical  results  agree 
witli  those  which  I  have  previously  obtained  from  numerous 
samples  of  sea-water  collected  by  myself  ofif  Worthing  and 
Hastings. 

Yours  very  truly, 

E.  Fkankland. 
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APPENDIX   C. 

Notes  on  Specime/is  of  the  Bottom  collected  during  the  First 
Cruise  of  the  '  Porciqyine '  in  1869.     By  David  Forbes,  F.R.S. 


Atlantic  Mud  contained  in  a  small  bottle  marked  '  Soundings 

No.  20,  1,443  fathoms.' 

A  complete  analysis  of  this  sample  shows  its  chemical  com- 
position to  \)t  as  follows : — 

Carbonate  of  lime 50*12 

Alumina  ^  {*  soluble  in  acids ') 1*33 

Sesquioxide  of  iron  (* soluble  in  acids')    .     .     .  2*17 

Silica  (in  a  soluble  condition)  .......  5*04 

Fine  insoluble  gritty  sand  (rock  f/fi/jrh)     .     .     .  26*77 

Water 2*90 

Orf^anic  mattei-      ...          4*19 

Chloride  of  sodium  and  other  soluble  salts    .     .  7*48 

100*00 

If  we  compare  the  chemical  composition  as  above  with  that 
of  ordinary  chalk,  which  consists  all  but  entirely  of  carbonate 
of  lime,  and  seldom  contains  more  than  from  2  to  4  per  cent, 
of  foreign  matter  (clay,  silica,  &c.),  it  will  be  seen  that  it  differs 
chiefly  in  containing  so  very  large  an  amount  of  rock-matter 
in  a  tine  state  of  division.  If  we  subtract  the  water,  organic 
matter,  and  marine  salts,  which  would  probably  in  greatest 
part  be  removed  before  such  mud  could  in  process  of  ages  be 
converted  into  solid  rock,  even  then  the  amount  of  carbonate 
of  lime  or  pure  chalk  would  not  be  more  than  at  highest  some 
60  per  cent,  of  the  mass. 

As  such  deposits  must  naturally  be  expected  to  vary  greatly 
in  mechanical  character  and  chemical  composition,  it  would  be 

*  With  phosphoric  acid. 
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premature  to  generalize  as  to  the  actual  nature  of  the  deposits 
now  in  course  of  formation  in  the  depths  of  the  Atlantic,  before 
a  careful  examination  had  been  made  of  a  series  of  such  speci- 
mens from  difi'erent  localities.  The  soluble  silica  is  principally 
from  silicious  organisms. 

As  regards  the  probable  origin  of  the  pebbles  and  gravel 
found  in  the  various  dredgings,  it  will  be  at  once  seen,  from 
the  description,  that  they  consist  principally  of  fragments  of  vol- 
canic rocks  and  crystalline  schists.  The  former  of  these  have 
in  all  probability  come  from  Iceland  or  Jan  May  en  ;  whilst  the 
latter,  associated  as  they  are  with  small  fragments  of  grey  and 
somewhat  altered  calcareous  rock,  would  appear  to  have  pro- 
ceeded from  the  north-west  coast  of  Ireland,  where  the  rocks 
are  quite  identical  in  mineral  character.  Tlie  north  of  Scotland 
and  its  islands  also  contain  similar  rocks ;  but,  without  being 
at  all  positive  on  this  head,  I  am  rather  inclined  to  the  opinion 
that  they  have  been  derived  from  Ireland,  and  not  necessarily 
connected  with  any  glacial  phenomena,  believing  that  their 
presence  may  be  accounted  for  by  the  ordinary  action  of  marine 
currents. 

Pebbles  from  1,215  Fathoms  (Station  28). 

The  stones  were  all  subangular,  the  edges  being  all  more  or 
less  worn  or  altogether  rounded  off.  The  specimens  were  thirty- 
eight  in  number,  and  upon  examination  were  found  to  consist 
of— 

5  Horblende  schist ;  the  largest  of  these  (which  also  was  the 
largest  in  size  of  the  entire  series)  weighed  421  grains  (J 
of  an  ounce),  was  extremely  compact,  and  was  composed 
of  black  hornblende,  dirty-coloured  quartz,  and  some 
garnet. 
'  2  Mica  schist;  quartz  with  mica,  the  largest  weighing  20 
grains. 
5  Grey  pretty  compact  limestone,  the  largest  being  7  grains 

in  weight. 
2  Fragments  (showing  the   cleavage  faces   rounded   off  on 
edges)  of  orthoclase  (potash  felspar),  evidently  derived 

L  L  2 
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from  granite ;  the  largest  of  the  two  fragments  weighed 
15  grains, 
f)  Quartz,  milky  in  colour  or  colourless ;  the  largest  of  these 
weighed  90f  grains,  and  showed  evidence  of  having  been 
derived  from  the  qnartz-veins  so  common  in  clay-slate. 
19  Fragments  of  true  volcanic  lava,  most  of  which  were  very 
—      light  and  scoriaceous  (vesicular),  although  some  small 
88       ones  were  compact  and   crystalline;   and  in  these  the 
minerals  augite,  olivine,  and  glassy  felspar  (Sanadine) 
could  be  distinctly  recognized.    Among  these  were  frag- 
ments of  trachytic,  trachydoleritic,  and  pyroxenic  (basaltic) 
lavas,  quite  similar  to  those  of  Iceland  or  Jan  Mayen 
of  the  present  period,  from  which  they  had  probably 
been  derived. 

Gravel  from  1,443  Fathoms  (Station  20). 

This  sample  of  gravel  consisted  of  718  subangular  fragments, 
in  general  not  above  from  i  to  J  grain  in  weight,  with  occasion- 
ally some  of  a  little  greater  size ;  but  the  most  considerable  of 
all  (a  fragment  of  mica  schist)  only  weighed  3  grains.  They 
consisted  of: — 

3  Fragments  of  orthoclase  felspar. 

4  Bituminous  or  carbonaceous  shale  (?  if  not  accidental), 

5  Fragments  of  shell  (undistinguishable  species). 

4  Granite,  containing  quartz,  orthoclase,  and  muscovite. 
15  Grey  compact  limestone. 
69  Quartzose  mica  schist. 
317  Hornblende  scliist;  sometimes  containing  garnets. 
273  Quartzite  fragments,  with  a  very  few  fragments  of  clear 
quartz.     The  majority  of   the   pieces  being  of  a  dirty 
colour,  often  cemented  together,  were  evidently  the  debris 
of  quartzite  rocks  or  beds  of  indurated  sandstone,  and 
not  from  granite. 
28  Black  compact  rock,  containing  augite,  most  probably  a 

volcanic  basalt. 

718 
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Fkom  1,263  Fathoms  (Station  22). 

A  single  rounded  pebble,  weighing  18  grains,  cliiefly  quartz, 
with  a  little  of  a  black  mineral  hornblende  or  tourmaline,  prob- 
ably from  a  metamorphic  schist. 

Gravel  from  1,366  Fathoms  (Station  19a). 

Consisted  of  51  small  subangular  pieces  of  rock,  all  less  than 
i  grain  in  weight,  excepting  only  one  fragment  (angular)  of 
quartz,  which  weighed  2  grains ;  they  consisted  of — 

19  Fragments  of  quartz,  all  of  which  appeared  to  have  pro- 
ceeded from  the  disintegration  of  crystalline  schists,  and 
not  from  granite. 

9  Hornblende  schist. 

8  Mica  schist. 

7  Loose,  dirty-white  tufaceous  limestone. 

3  Small  fragments  of  augite  or  tourmaline  (?  which). 
1  Fragment  of  quartz,  with  tourmaline. 

4  Fragments  of  indistinct  and  uncertain  character. 

51 

Gravel  from  1,476  Fathoms  (Station  21). 

Six  small  subangular  fragments,  tlie  largest  of  which  did  uol 
exceed  two  grains  in  weight ;  they  were  respectively — 

1  Yellow  quai-tz. 

1  Quartzose  chlorite  schist. 

3  Mica  schist. 

1  Small  fragment,  apparently  of  volcanic  lava. 

6 

The  specimen  from  Rockall  is  not  a  fragment  of  any  noinial 

rock,  but  is  only  a  brecciaform  aggregate,  principally  consisting 
of  quartz,  felspar,  and  crystals  of  green  hornblende,  held  to- 
gether by  a  silicious  cement.  It  has  evidently  been  broken 
from  the  projecting  edge  of  a  fault  or  vein  fissure ;  and  although 
it  cannot  settle  the  matter  definitely  as  to  what  rocks  this  islet 
may  really  be  composed  of,  it  would   indicate   that  it   most 
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probably  is  a  mass  of  liornblendic  gneiss  or  schist,  and  certainly 
not  of  true  volcanic  origin.  I  may  mention  that  it  does  not  at  all 
resemble  any  of  the  fragments  found  in  the  deep-sea  dredgings 
which  I  have  as  yet  examined. 


APPENDIX   D. 

Note  on  the  Carbonic  Acid  contained  in  Sea-water.  By  John 
Young  Buchaj^an,  M.A.,  Chemist  to  the  *  Challenger  * 
Expedition.         - 

At  a  meeting  ^  of  the  Chemical  Society  last  summer,  Dr. 
Himly  mentioned  that  Dr.  Jacobsen,  of  Kiel,  had  found  that 
carbonic  acid  is  only  very  imperfectly  separated  from  sea-water 
by  boiling  in  vacuo.  This  w^as  confirmed  by  Dr.  Jacobsen  him- 
self in  a  letter  to  Nature  of  August  8,  1872.  Almost  at  the 
very  same  time  the  German  North  Sea  Expedition  arrived  in 
Leith,  when  I  had  the  privilege  of  hearing  the  confirmation  of 
it  from  his  own  mouth,  as  well  as  his  conjecture  that  it  was 
probably  owing  to  the  presence  of  salts  with  water  of  hal- 
hydration,  such  as  sulphate  of  magnesia,  that  the  carbonic  acid 
was  retained  with  such  vigour. 

Having  assured  myself  by  experiment  that,  as  a  matter  of 
fact,  carbonic  acid  is  retained  by  sea-water  w^ith  considerable 
energy,  the  last  traces  of  it  having  scarcely  disappeared  before 
the  contents  of  the  retort  were  reduced  to  dryness,  I  set  on  foot 
a  series  of  analytical  experiments,  so  as  to  determine  whicli  of 
the  salts  it  was,  whose  presence  was  the  cause  of  the  anomaly  in 
question.  The  result  of  these  experiments  was  shortly  this: 
Distilled  water,  solution  of  chloride  of  sodium  and  solution 
of  chloride  of  magnesium,  each  saturated  with  carbonic  acid, 
behaved  on  distillation  alike,  giving  off  the  whole  of  their  car- 
bonic acid  in  the  first  eighth  of  the  distillate.  Solutions,  however, 
of  sulphate  of  magnesia  and  of  sulphate  of  lime  behaved  like 
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the  others  at  first,  giving  off  the  surplus  carbonic  acid  dissolved 
in  the  first  eighth  of  the  distillate.  The  amount  of  carbonic  acid 
coming  off  then  fell  very  low,  gradually  increasing,  however, 
until  a  half  had  been  distilled  over,  when  the  amount  coming 
off  again  reached  a  maximum,  the  quantity  then  diminishing^ 
but  rarely  entirely  disappearing  as  the  contents  of  the  retort 
approached  dryness.  It  is  clear,  then,  that  in  the  sulphates  of 
magnesia  and  lime  we  have  an  agent  capable  of  retaining  car- 
bonic acid  in  the  way  in  which  we  see  it  in  sea-water ;  whether 
there  may  be  other  agents  present,  capable  of  doing  the  same 
work,  will  be  brought  to  light  when  the  subject  has  been  more 
fully  investigated.  An  independent  set  of  experiments  were 
made  on  the  variation  with  pressure  of  the  coefficient  of  ab- 
sorption for  carbonic  acid  of  a  solution  containing  123  per  cent, 
of  crystallized  sulphate  of  magnesia,  kept  at  a  constant  tem- 
perature of  11' C.  The  result  was,  that  at  610  mm.  pressure  the 
sulphate  of  magnesia  solution  dissolved  sensibly  the  same  quan- 
tity of  carbonic  acid  as  the  same  volume  of  water  would  have 
done ;  in  other  words,  their  coefiQcients  of  absorption  were  iden- 
tical. Below  610  mm.  that  of  the  saline  solution  was  the 
greater;  above  610  mm.  the  reverse  was  the  case.  The  curve, 
however,  is  not  a  straight  line,  and  it  appears  to  cut  that  of 
water  again  at  a  pressure  of  about  800  mm. 

The  facts  above  related  naturally  suggest  to  the  chemist  the 
question,  what  is  the  body  formed  when  sulphate  of  magnesia 
and  carbonic  acid  meet  each  other  in  solution  ? 

It  is  clear  that,  besides  the  carbonic  acid  dissolved,  there  is 
some  retained  by  a  stronger  bond,  and  which  is  only  liberated 
when  the  concentration  has  proceeded  a  certain  distance.  Is 
the  decomposition  caused  by  the  loss  of  water,  or  by  the  rise  of 
boiling-point  ?  The  diflerence  between  the  boiling-points  of  the 
solution,  when  it  has  just  ceased  to  give  off  the  merely  dissolved 
carbonic  acid,  and  when  the  retained  gas  is  being  given  off  in 
greatest  quantity,  does  not  exceed  1°  C. ;  and  it  is  difficult  to 
believe  that  the  compound  should  remain  practically  intact  at 
101"*  and  decompose  rapidly  at  102^  Again,  if  the  compound 
is  decomposed  by  the  water  alone,  we  should  expect,  that  the 
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more  dilute  the  solution,  the  easier  would  be  the  decomposition. 
Adopting  Erlenmeyer's  view  of  the  position  of  the  halhydration 
water  in  sulphate  of  magnesia  (HO  —  Mg  —  0  —  SO^  —  OH),  we 
might  suppose  the  carbonic  acid  simi)ly  to  replace  the  molecule 

of  water,  thus — Mg  ^q  ~  cc^/^  >  ^^^  ^^  would  be  contrary  to 

all  analogy  for  such  a  body  to  be  more  stable  in  dilute  than 
in  moderately  concentrated  solutions  of  the  same  temperature. 
If,  on  the  other  hand,  wo  suppose  the  CO.2  to  interpose  itself 
between  the  Mg  and  the  basic  HO,  we  have  a  body  of  this  form  : 
HO  —  CO  —  0  —  Mg  —  0  —  SO,  —  OH.  It  is  conceivable  that 
such  a  body  would  in  the  process  of  concentration  become  dehy- 

<r\ 0(")  "^^ 
Q fu)/^   would    be 

formed,  which  would  then  split  up  into  COg  and  MgSO^.  Assuming 
now  that  the  body  formed  has  this  constitution,  it  is  evident  that, 
for  a  given  mixture  of  sulphate  of  magnesia,  water  and  carbonic 
acid,  the  amount  of  the  above  body  formed  will  be  a  function 
of  the  temperature,  the  pressure  and  the  duration  of  their 
action  upon  one  another.  Now,  at  great  depths  in  the  sea,  where 
atmospheric  influences  are  insensible,  these  conditions  are  most 
completely  fulfilled.  The  temperature  is  low,  the  pressure  high, 
and  the  time  practically  unlimited.  Sea-water  contains  on  an 
average  about  two  grammes  of  crystallized  sulphate  of  magnesia 
in  the  litre;  and  if  the  reaction  were  complete,  the  two  grammes 
of  sulphate  of  magnesia,  or  one  litre  of  sea-water,  would  absorb 
181*4  cubic  centimetres  of  carbonic  acid.  Supposing  only 
one-fifth  part  of  the  sulphate  of  magnesia  to  be  thus  saturated 
with  carbonic  acid,  we  have  provision  in  one  litre  of  sea- 
water  for  the  removal  of  over  36  cubic  centimetres  of  car- 
bonic acid.  We  have  thus  in  the  sulphates  (for  the  lime-salt 
appears  to  act  even  more  energetically)  an  agent  which  in 
the  ocean  depths  performs  one  of  the  two  important  functions 
of  plants  in  shallow  waters  and  in  the  air,  namely,  the  removal 
of  the  carbonic  acid  eliminated  by  the  animals;  the  task  of 
replenishing  the  oxygen  supply  is  accomplished  by  the  system 
of  ocean  circulation.     Moreover,  it  would  be  difficult  to  conceive 
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circumstances  more  favourable  to  the  formation  of  this  body  tlian 
those  which  exist  at  the  bottom  of  the  ocean.  The  temperature 
is  generally  little  over  that  of  melting  ice ;  the  pressure  often 
exceeds  several  hundred  atmospheres ;  whilst  the  carbonic  acid; 
being  produced  gradually,  and  coming  in  statu  TUiscendis  in  con- 
tact with  the  saline  solution,  is  in  the  condition  most  favourable 
for  easily  entering  into  chemical  combination. 

Tlie  amount  of  this  salt  formed  depending  on  the  pressure,  it 
is  evident  that,  on  bringing  up  a  sample  of  water  from  a  great 
depth,  a  part  of  the  carbonic  acid,  which  was  bound  before,  will 
become  free  under  the  atmospheric  pressure ;  and,  moreover,  as 
the  amount  decomposed  varies  with  the  time,  it  is  evident  that 
the  amount  of  free  carbonic  acid,  obtained  by  boiling  in  vacuo, 
will  vary  with  the  depths  from  which  the  sample  was  obtained, 
with  the  time  it  stands  before  boiling,  with  the  temperature  to 
which  it  is  exposed  during  boiling,  and  with  the  duration  of  that 
operation.  Hence  it  is  easy  to  see  how,  assuming  the  body 
above  mentioned  to  have  been  formed,  Dr.  Jacobsen  found  that 
the  quantity  of  carbonic  acid  obtained  by  boiling  in  vacuo  was 
no  measure  of  the  amount  actually  present,  and  that  even 
portions  of  the  same  sample  gave  discordant  results. 

It  will  be  seen  from  the  al)0ve  remarks  that  solutions  of  car- 
bonic acid  in  sea-water  and  in  blood  resemble  each  other  in 
almost  every  particular ;  only  in  the  latter  the  retaining  body  is 
phosphate  of  soda,  whilst  in  the  former  it  is  sulphate  of  mag- 
nesia, both  of  which  contain  constitutional  water.  The  physical 
conditions,  under  which  carbonic  acid  is  eliminated  from  the 
blood  and  from  sea- water,  are  also  very  similar. 

In  the  investigation  of  the  behaviour  of  carbonic  acid  and  of 
other  gases  to  saluie  solutions,  there  is  a  practically  unlimited 
field  for  useful  research.  The  determination  of  the  absorption 
coefficients  of  sulphate  of  mngnesia  solution  for  carbonic  acid 
alone,  under  varying  conditions  of  temperature,  pressure,  con- 
centration, and  duration  of  action,  would  afford  interesting  and 
profitable  occupation  for  more  than  one  chemist. 


INDEX. 


A  can  fJtonu:tri»a,  98. 

ufCt/a  immitUf  127. 

iE^ean  Sea,  Molluscaaiul  Radiataof,  5. 

Agassiz,  Alexander,  Eehincxierm  Fiiunri. 

on  the  two  siiles  of  the   I.sthmus  of 

Panama,    13;   on    I'JcAtuoci/amu.*,  117, 

277. 
Allman,  I*rofes«or,  F.R.S.,  list  of  animal 

forms  found  at  great  depths,  27. 
AUopora  ocnlina,  l(»y,  170,  432. 
A  math  in.  carjn  uftri,  175. 
Amphiilttus  cvnfut'tjf,  -i^i). 
Aiiiphihtlia   'profunda — A.    (H'ulata — A. 

imvanica — A,    attantica — A.    omaUi. 

ley. 

-  i  lup/t  ill  ra  a  hi/nficofa ,  123. 

AnUfloa  alticu^tf    7C  ;    A.  e»criclttii — A. 

mrsti,  124. 
Aphntcalliftes  hootifn,  Or>. 
Archa»tf.r  hijron»,  122  ;  A.  ceAtlUfi-r,  150  ; 

A.  androineda,  150;  ..1.  parelii,  456; 

A.  teHin'jfpiniin,  456. 
.  I  rrtHrujf  bajfin  i,  1 27,  1 28. 
Asloitnna  »*iiidialen»e,  42d. 
Afttntp/it/ton  fiiil'iij  19. 
A  {(( ror/i iza  hmicola,  75. 
Atii\'i8m,  i). 
A  (rdia  gnomon,  90. 


B. 

Baeho,  Profe.ssor  A.  I)..  Siij>erintendent 

I'. 8.  Coajiit  Survey,  on  the  Gulf-stream, 

3^6. 
/iat/ti/bina  haechlli,  412. 
Jinthffcn nun  i/raciiijt,  450,  453. 
Until  If idHnin  carprntiri,  77. 
Borryman,  Lieutenant,  U.S.N.,  deep-sea 

.soundings  in  the  U.S.  brig  *  Dolpliin,' 

227-229. 
Bocagc,  Professor  Barboza  du,  Director 

of    the   Nat.   Hist.    Museum,  Lisbon, 

276  ;  on  Ili/ahnihiti,  425. 
Bjwerbank,  Dr.,  F.U.S.,  on  HiinlontMHf 

425. 


Bnuidt,  Dr.,  on  llyalonenw,  423. 

Brisinya  coronatay  67,  118;  JJ.  fnde(\t- 
cncmott,  66,  99,  118 ;  doseription  of,  by 
Ab.sjomsen,  P.  Chr.,  ^. 

Iirijt.'<opxiif  fi/rijh'a,  118,  457,  459. 

Brooke,  J.  M.,  IJ.S.N.,  sounding  appa- 
latua,  21,  211,  213. 

Browning,  Lieutenant,  83. 

limrlnop.ng  striata,  464. 

Buchanan,  John  Young,  M.A.,  on  the 
Carlxniic  Acitl  contained  in  Sea-water, 
51»,  521. 

Buff,  Pi-ofes-sor  Heniy,  on  ocean  cur- 
rents, 368  ;  on  the  Gulf-stream,  389. 


C. 


Calver,  Captain,  skill  in  conducting 
dredging  operations,  83  ;  serial  sound- 
in-s,  3n9. 

Cafrrria  /nfstrix,  156,  459  ;  Cftmstiata, 
159.182,459. 

CafiVflfa  Kfiinosijtjfima,  126. 

Carpenter,  Dr.  William  B.,  F.R.S.,  3; 
Preliminary  Report  of  the  Dredging 
Operations  in  the  *  Lightning,'  lt"i3  ; 
Temj)erature  Observations  in  the  Me- 
diterranean, 326 ;  Theory  of  Ocean 
Currents,  368,  369 ;  Obsen-ationa  on 
the  currents  in  the  Strait  of  Gibraltar, 
373  ;  on  the  Gulf -:<t ream,  31M». 

Carpenter,  W.  Li\iit,  B.A.,  B.Sc  ,  85; 
Analysis  of  Sea- water,  498,  502-511. 

Vin'ifoplnfllia  boreal  is,  27,  431. 

Ctrntiji'i/athnA  ovnatt'ft,  431. 

Cerit/iiinn  ifranwinn,  463. 

Chalk,  409  ;  analysis  of,  469. 

Chimmo,  W.,  Commander  R.N.,  230^; 
teu)penitures  of  the  Atlantic,  359. 

C/ifMlnifi.^,  404. 

C/ioudi'ocfadia  viryata,  187. 

Cidmi.'i  papilfata,  76  ;  C.  hifstrijr,  116, 
193,  459  ;  C.  ajfinijt,  193,  4^7,  459. 

(Uador/iiza  ahj/ssicola,  112. 

Coceoliths,  413. 

CtKrcospheres,  414. 

Culnsphara  tubiftx,  485. 


524 


INDEX, 


Gorallino  Zone,  16. 

Crinoidea,  434. 

Cro]].  James,   on  ocean  currents,    376, 

D. 

Daci'ydium  vitreumf  465. 

Darwin,  Charles,  M.A.,  F.R.S.,  'Ori^jin 

of  Species,'  8. 
D'Aubuisson,  on  deep-sea  temperatures, 

360. 
Davis,   Captain,  R.N.,  testing  thermo- 
meters, 290,  295. 
Dayman.    Joseph,     Commander    R  N., 
^,   229,  302  ;    temperatures   of    the 
Atlantic,  359. 
Deep-sea  Sounding,  205 ;  cup-lead,  210  ; 
Brooke's  deep-sea  sounding  apparatus, 
211,    213;    the   '  Bulldog '  sounding- 
machine,  215  ;  the  '  Fitzgerald '  sound- 
ing machine.  217  ;  the  *  Hydra '  sound- 
ing-machine, 218  ;  donkey-engine,  221 ; 
derricks,     2!21  ;    the     *  accumulator/ 
222 ;  observed  rate  of  descent  of  the 
soimding  instrument,  22«5 ;    Massey's 
sounding-machine,  225. 
Deep-sea  Temperature,  doctrine  of,  35  ; 
distribution  of  heat  in  the  sea,   36 ; 
cold  wall,  37  ;  minimum  temperatiu^ 
of  the  sea,  88 ;    proximity  of   warm 
and  cold  areas,  131 ;  great  uniformity 
of  temperature  at  all    depths  in  the 
Mediterranean,     191,     285  ;      serial 
soundings  for  temperature,  809-325. 
Depth  of  the  Sea,   ]  ;     iirst  successful 
dredgings  at  great  dei)ths,  3 ;  animal 
forms  found  at  depths  of  from  70  to  1,200 
fathoms,  27  ;  animal  life  abundant  at 
the  bottom  of  thd  sea,  31  ;    average 
depth  of  the  sea,  31 ;  absolute  stillness 
at  great  depths,  37  ;   penetration  of 
light,  45 ;    abiindanco  of  the  genera 
Astropecten  and  Arcfuigter,  121. 
Detipretz,  M.,  researches  on  the  maxi- 
mum dennty  of  saline  solutions,  35 ; 
temperature  of  greatest  density  of  sea- 
water,  3u7. 
JJon/m/itu  ifiom^otUf  174. 
Dredging   Apparatus :  MUUer's  dredge, 
239  ;    Ball  s  dredge,   240  ;    deep-sea 
drodgCM,  246 ;  derrick,   247 ;   accumu- 
lator, 247 ;  Aunt  Sallies,  249  ;  dredge- 
rope,  249  ;  dnxiging  in  shallow  water, 
2U,   245 ;    dreeing    in    deep  water, 
253  ;  hempen  tangles,  256, 257  ;  empty- 
ing the  dredge,  259 ;  dredging-sieves, 
260. 
Diiedging  Committee,  members  of,  265  ; 

Belfast  Dredging  Committee,  *1^. 
Dredging  Operations,  on  the  coast  of  Ire- 
land, 266  ;  of  England,  266  ;  of  Shet- 
land and  the  Hebrides,  266;  of  Por- 
tugal and  the  Mediterranean,  267  ;  of 
the  North-oast  Atlantic,  267  ;  of  Nor- 
way, Swe<lcn,  and  Denmark,  268;  of 


the  Adiiatic,  268:    of  Algeria,  268; 

Spitzbergon,  269 ;  Malta,  27tl;  Finland 

and    Loffoten    Islands,  270;    United 

States,  277. 
Dredging  Paper,  281. 
Duncan,  Professor  P.  Martin,  F.RS.,  on 

deep-sea  corals,  431. 

E. 

EchiHOCHcumis if/pica,  126,  175;  Echino- 
cmmiu  anguUduff  117,  459;  Echino- 
tnuridaa,  wide  distribution  of,  17J  ; 
Evkinas  eleffam,  76,  469 ;  A',  tsca- 
leiUus,  458  ;  E.jtrniinyii,  116,  458  ;  E, 
melo,  459  ;  E.  microstoma,  171,  459 ; 
E.  norveffK'us,  76,  116,  459  ;  E.  rari- 
»iHua,  459  ;  E.  rarUubcrcalatuSy  116. 

Et/tusa  (p-uHufatUf  176. 

EupfectfUa,  73. 
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»i\'fMMi\  422. 

HtfuteHattcr  jtellHciduSf  120. 
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Rhisocriiuu  Inffotensis,  76,  124,  447,  451. 


Uiohards,  Rear-Admiral.  C.B.,  F.H.S., 
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course  of  deep-sea  dredging,  53 ;  letter 
from  the  Secretary  of,  t<»  the  Secrotirj' 
of  the  Admindty.  55 ;  reply  from  the 
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INDEX. 


527 


291  ;  Rro^iet's  metallic  thormoiuoter, 

2!K) ;  Ne^n^tti  and  Zambra's  thcmio- 

lueter,  21^8. 
ThotiiHon.  Sir  William,  F.R.S.,  thonuo- 
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